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ERRATUM. 


Recoi-da,  Vol.  Xni,  Part  4,  pag6u234,  line  22.    For  "  1  to  10"  read  1  to  2. 


iSiEended  tliat  he  should  in  the  following  season  carry  on  the,  survey  into  the 
adjoining  area  of  the  Bnstar  country,  which  still  forms  one  of  the  ugly  blanks  in 
our  geological  map  of  India  :  but  under  the  circumstances,  such  an  attempt  would 
be  unjustifiable,  so  Mr.  Oldham  has  been  trans fen*ed  to  the  Himalayan  region, 
where,  indeed,  for  objects  of  geological  interest,  his  services  are  more  advantage- 
ously employed. 

We  have  at  last  commenced  an  attack  in  regular  form  on  one  of  the  two  great 
South  Kbwah  :  central  basins  of  Gondwdna  rocks — that  occupying  a  very 

Mr.  Hughes,  large  part  of  the  drainage  area  of  the  S6n  (Sone)  river 

and  its  chief  tributaries,  and  principally  comprised  within  the  Rewah  State. 
There  have  been  excellent  practical  reasons  for  this  postponement,  in  the  more 
urgent  call  for  the  examination  of  ground  where  the  discovery  of  coal  would  be 
of  more  immediate  utility ;  but  it  is  only  in  these  areas  that  we  can  come  to  terms, 
with  the  Gondwdna  formation.  In  this  connexion  I  may  quote  a  passage  from 
my  preliminary  report  on  the  S^tpura  basin  (Memoirs,  Vol.  X,  pt.  1,  1872)  as 
originally  submitted  for  publication.  The  passage  and  its  context  were,  indeed, 
printed    for  departmental  circulation  at  the  time,   but  were  suppressed  in  the 
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published  report  as  not  being  in  harmony  with  the  then  mling  orthodoxy. 
As  containing  the  first  proposal  of  the  name  now  adopted  for  this  great  rock 
series,  it  would  be  independently  deserving  of  record : — "  The  considerations 
presented  in  the  last  few  paragraphs  show  how  difficnlt,  and  one  might  say  un- 
natural, it  would  be  to  form  any  scale  of  groups  applicable  to  this  sedimentary 
series  in  the  difPerent  basins.  Even  the  main  division  into  an  upper  and  a  lower 
series,  the  Mdbddeva  and  Dami^da,  would  be  awkward  and  local ;  the  Jabalpnr 
group  being  most  closely  tied  to  the  Mdhddevas,  and  the  best  general  physical 
break  in  the  whole  sedimentary  series  occurring  above  the  Bar&kars  in  the  so- 
called  Damuda  series.  One  must  for  the  present  be  content  with  the  independent 
arrangement  of  the  groups  in  the  several  basins  (as  here  suggested  for  the  Satpura 
basin),  postponing  the  final  correlation  of  their  local  divisions  till  all  the  scattered 
basins  of  the  deposits,  and  such  fossils  as  they  may  yield,  have  been  worked  out^ 
At  the  same  time,  this  difficulty  brings  into  prominence  the  want  of  a  collective 
name  for  this  scries  as  a  whole,  from  the  Talchirs  to  the  Jabalpur  (or  ?  Bdjmahil). 
For  this  purpose  the  name  GokdwIka  would  seem  to  be  suitable,  from  the  country 
of  the  most  wide-spread  aboriginal  tribe  of  Central  India,  inhabiting  a  large 
portion  of  the  ground  formed  by  these  plant-bearing  rocks,  including  the  Satpura 
basin  where  the  series  is  apparently  found  most  complete." 

Mr.  Hughes'  first  season's  work  has  fully  exemplified  these  remarks.     In 
1871-72  Mr.  Hacket  examined  the  western  end  of  the  field,  and  mapped  a  very 
large  area  all  as  one  formation  continuous  with  the  Jabalpur  group,  which  he 
had  followed  up  continuously  from  Jabalpur.     At  this  western  margin  this  top 
group  of  the  series  rests  on  gneiss,  and  it  seems  to  expand  without  a  break  east- 
ward to  the   S6n  and  southwards  down  to  the  coal-measures  of  Pdli  on    the 
Johilla      In   thus  representing  it,  Mr.  Hacket's  work  agreed  with  the  sketch 
survey  made  in  1860  by  the  late  Mr.  J.  G.  Medlicott.     Both  found  occasional  beds 
of  shales,  or  other  local  rocks,  but  nothing  that  seemed  to  offer  a  chance  of  divid- 
ing this  great  upper  sandstone,  which  would  thus  have  to  be  taken  as  represent- 
ing three-fourths  of  the  whole  Gondwdna  system.     In  1878-79  Mr.  Griesbach 
mapped  the  extreme  eastern  end  of  the  basin,  where  he  was  able  to  recognize  almost 
the  entire  series  of  groups  as  known  in  the  Damt^da  region  (Memoirs,  Vol.  XVI, 
pt.  2).     Mr.  Hughes  has  now  made  a  careful  preliminary  examination  of  a  broad 
band  across  the  middle  of  the  basin,  and  there  seems  but  small  agreement  with 
either  of  the  two  terminal  sections.     A  first  remark  is  the  small  total  thickness 
of  the  formation  here  as  compared  to  that  found  in  the  Sdtpura  basin,  although 
the  Gondwdna  area  of  the  S6n  is  much  the  larger  of  the  two.     It  may,  however, 
be  observed  that  here  the  whole  of  the  sedimentary  basin  (as  now  remaining)  is 
exposed,  except  for  a  small  length  on  the  south-west  border,  where  it  passes 
under  the  Deccan  trap  ;  whereas  on  both  sides  (eas^  and  west)   in  the  S&tpuras, 
the  Gondwana  rocks  are  covered  by  the  basalt,  although  there  also  symptoms 
-   of  original  contraction  in  those  directions  were  observed  (Memoirs,  Vol.  X,  p.  183). 
Mr.  Hughes  describes  a  coal-measure  group  on  the  south,  of  small  thickness,  and 
showing  decided  affinities,  both  in  its  rocks  and  fossils,  to  the  Rdniganj  group, 
with  a  band  at  the  base  in  which  fossils  of  the  Karharbdri  horizon  occur,  but 
which  has  not  yet  proved  separable  stratigraphically.     On  the  other  side,  this 
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band  is  tranBitionally  underlaid  by  a  moderate  thickness  of  typical  Talchir  rocks, 
forming  tbe  usual  base  of  the  series.  The  transitional  character  of  this  upper 
limit  of  the  Talchira  is  illustrated  by  the  fact  that  Mr.  Hughes  places  the 
required  boundary.line  a  good  deal  lower  down  than  I  had  done  when  I 
examined  the  section  of  the  Johilla  in  1869 ;  while  in  the  similar  case  in  the 
Mohpini  field  (S^tpura  basin),  Mr.  Hughes  places  the  same  boundary  higher 
than  I  had  done,  the  rocks  being  completely  exposed  in  both  sections. 

The  most  decided  boundary  in  the  series  is  where  the  ferruginous  sandstones 
and  clays  oyerlie  the  coal-measures  of  the  southern  field ;  but  in  the  lower  portion 
of  those  upper  rocks  the  fossils  are  recognised  by  Dr.  Feistmantel  as  very 
decidedly  of  Lower  Gondwdna  species.  The  relation  is  altogether  most  similar 
to  that  of  the  K^thi-Bardkar  boundary  in  the  Wardha-Godavari  area,  as  has 
been  already  noticed.  The  most  promising  result  of  Mr.  Hughes'  observations 
has  been  the  discovery  of  a  considerable  band  of  clays,  <&c.,  overlying,  but  closely 
related  to,  the  middle  sandstones,  identical  in  every  character  with  the  Maleri 
g^np  of  the  Goddvari  basin,  and  containing  the  same  well  known  reptilian 
fossils.  These  clays  occupy  a  large  area  in  a  middle  position  on  the  north  side 
of  the  basin :  they  are  overlaid  transitionally  by  sandstones  very  similar  to  those 
below  them,  and  forming  isolated  plateaus  in  the  low  ground  formed  of  the  clays 
The  place  of  these  reptilian  clays  in  the  continuous  series  of  the  S6n  basin 
corresponds  very  well  with  that  independently  assigned  to  the  Maleri  clays  in 
the  Prdnhita-Goddvari  area,  where  they  are  anconformable,  or  a.i,  least  trans- 
gressive,  on  the  Kamthi  beds ;  and  it  corresponds  equally  well  with  that  of  the 
Denwa  clays  (in  which  also  Mr.  Hughes  had  succeeded  in  finding  the  reptilian 
remains)  in  the  series  of  the  S&tpuras,  over  the  Pachmari  (Mahadeva)  sandstone 
and  below  the  Bdgra  and  Jabalpur  groups.  With  the  latter  case,  there  is,  moreover, 
homology  of  strstigraphical  position  in  the  basin,  from  which  a  clue  may  be  taken 
to  solve  the  difficulties  noticed  by  Mr.  Hughes  in  South  Rewah :  the  Denwa 
days  certainly  never  did  rise  far  on  the  extension  of  their  present  outcrop  ;  in 
tbe  continuous  ridges  of  sandstone  across  their  strike  at  each  end  of  the  basin, 
they  are  either  represented  by  sandstone,  or  their  position  is  lost  in  the  coa- 
lescence of  the  overlying  and  underlying  sandstones.  In  both  basins  the  final 
difficulty  will  be  to  indicate,  in  those  unbroken  masses  of  sandstone,  groups  that 
are  more  or  less  well  defined  in  contiguous  ground. 

Sub-Assistant  Hera  Ldl  worked  under  Mr.  Hughes'  instructions   during  the 
season,  and  was  useful  in  tracing  and  mapping  trap  dykes. 

In  the  last  annual  report  a  prospect  was  held  out  that  the  current  season's 
Ba^utaita:  work  would  complete  a  large  area  for  publication.     The 

Mr,  Haeket,  g^und  was  covered,  but  the  publication  must  be  post- 

poned. In  the  neighbourhood  of  Chittorgarh  Mr.  Haeket  came  upon  rocks 
showing  relations  that  conflict  very  much  with  the  information  as  yet  gathered 
regarding  the  Arvali  rock-series.  Until  these  new  features  are  worked  out,, 
it  would  be  impossible  to  bring  forward  a  description  dealing  principallj 
with  that  series. 

This  survey  had  to  be  suspended  for  the  season,  while  Mr.  Fedden  took 
Eattzwab.  charge  of  the  museum  during  Mr.  Mallet's  absence. 
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The  search  for  fossils  in  the  Siwaliks  of  the  north-west  Punjab  during  the 
Sub-Himalayas  :  past  season  was  not  very  snccessfnl ;  it  was  partly  nnder- 

Mr.  Theobald,  taken  in  ground  where  collections  had  recently  been  made, 

BO  of  course  there  were  fewer  specimens  to  be  found  weathered  out  from  the 
rocks,  and  the  result  depended  more  upon  what  could  be  unearthed  by  labonr. 
In  the  dearth  of  fossils,  Mr.  Theobald  directed  his  attention  to  the  elucidation  of 
his  views  on  the  glacial  phenomena  of  the  outer  Himalayan  region.  If  we  can 
accept  his  published  observations  (Records,  Vol.  XIII,  p.  221)  as  correct,  there 
would  seem  to  be  made  out  an  interesting  fact  with  reference  to  the  large  erratic 
blocks  which  have  so  often  attracted  notice  as  probably  connected  with  a  period 
of  greater  glacial  extension  in  the  Himalayas, — that  the  distribution  of  those 
blocks  took  place  after  the  deposition  of  the  old  river  gravels.  Such  a  general 
limitation  of  the  origin  of  these  erratics  to  a  definite  period  would,  no  doubt, 
tend  to  confirm  the  supposition  of  their  connexion  with  a  greater  intensity 
of  glacial  conditions,  an  opinion  against  which  no  serious  opposition  has  been 
offered ;  but  I  think  that  Mr.  Theobald's  observations  will  be  held  to  negative 
the  conclusion  he  would  base  upon  them,  that  in  his  typical  instance  a  Kagh^n 
glacier  can  have  travelled  down  the  steep  valley  of  the  Kanhar  without  removing 
or  disturbing  the  river  gravels  previously  deposited. 

This  question  links  itself  to  another  that  has  been  vigorously  contested  by 
Mr.  Theobald  in  our  Records  for  the  year  under  review,  namely,  that  of  the 
origin  of  the  Kumaun  lakes.  The  point  has  been  exclusively  argued  as  between 
glaciers  and  landslips,  to  the  exclusion  of  a  cause  which  must,  I  think,  yet  claim 
more  attention.  Mountain  lakes  are  undoubtedly  often  formed  by  landslips. 
Mr.  Mallet  has  described  such  an  one  in  the  lower  hills  of  Sikkim  (Memoirs, 
Vol.  XI,  p.  7)  ;  but  hypogene  ground-movements  cannot  be  ignored  in  such  a 
question.  I  showed  long  ago  (1864)  that  tremendous  disturbance  had  affected 
the  Sub-Himalayan  zones  subsequent  to  the  configuration  of  the  adjoining 
mountain  area  very  much  as  we  now  see  it,  and  that  the  result  was  accomplished 
by  an  almost  insensibly  slow  process.  I  afterwards  (1867)  attempted  to  apply 
this  process  on  a  large  scale  to  account  for  the  origin  of  the  great  lakes  of  the 
Alps  (Quart.  Joum.  Geol.  Soc,  London,  Vol.  XXIV,  p.  34).  There  are  no 
such  lake-basins  in  the  Himalayas,  but  it  would  be  worth  consideration  whether 
this  mode  of  formation  might  not  apply  to  some  of  the  small  lakes  that  do  occnr 
in  that  region  of  the  mountains.  There  is  a  pair  of  pretty  little  lakes  at  Kundlu, 
between  Rdpai*  and  Bilaspur,  on  the  direct  road  from  the  plains  to  Kulu.  They 
lie  in  a  detached  range  of  small  elevation,  entirely  formed  of  tertiary  sandstones, 
where  the  most  advanced  glacialist  would  hardly  venture  to  suggest  a  glacier  had 
ever  existed.  I  did  not  examine  the  point  critically  when  on  the  ground,  and  I 
have  not  had  an  opportunity  of  visiting  the  spot  since  this  question  has  come 
into  prominence.  The  features  did  not  suggest  to  me  a  formation  by  landslip ; 
I  took  the  lakes  to  be  in  a  rock  basin,  and  the  barrier  to  have  been  formed  by  an 
upward  creep  along  a  very  limited  zone.  It  seems  to  me  that  in  a  very  heteroge- 
neous mass  of  contorted  rocks  intense  lateral  pressure  below  may  often  result  in 
the  local  squeezing  up  of  a  more  rigid  mass  of  rock,  or  one  of  which  the  bearings 
lend  themselves  to  such  a  result  of  resistance. 
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In  last  annual  report  I  stated  that  Mr.  Theobald's  matured  stndy  of  the  Sub- 
Himalayan  rocks,  the  result  of  six  seasons'  field-work,  would  be  brought  out  after 
the  then  current  season.  It  is  now  published  in  the  present  number  of  the 
Records,  and  will  be  found  amply  to  justify  the  reasons  I  had  assigned  for  its 
postponement.  Unfortunately,  my  having  mentioned  those  reasons  (under  the 
impression  that  some  apology  was  due)  seems  to  have  stimulated  Mr.  Theobald 
to  the  futile  attempt  to  make  up  by  verbal  criticism  and  argument  (or  assertion) 
for  what  was  wanting  in  material  evidence. 

Sub-Assistant  Kishen  Singh  worked  under  Mr.  Theobald's  instructions  for 
the  early  part  of  the  season,  until  he  was  recalled  to  Calcutta  for  duty  in  the 
Museum.  For  the  current  season  some  easy  work  has  been  entrusted  to  him  on 
the  Yindhyan  rocks  in  Central  India. 

Before  going  on  sick  leave  in  March,  Mr.  Wynne  managed  to  complete  his 
HazXra  :  survey  of  some  of  the  blank  areas  in  his  map  of  Hazdra^  as 

Mr.  Wynne.  published  in  the  Records  for  1879  (Vol.  XII,  pt.  2). 

During  his  last  summer  campaign  in  the  high  Himalaya,  Mr.  Lydekker  has 
Kobth-Wbst  brought  within  our  ken  a  large  area  on  the  north-west 

HiHALATi  :  confines  of  the   KAshmir   Territories,   in  Ddrdistdn  and 

Mr,  Lydekker,  BaltistAn.     The  information  gained  is,  of  course,  import- 

u\t,  although  it  admits  of  but  little  display  in  detail,  a  very  large  part  of  the  area 
being  formed  of  highly  metamorphic  rocks.  The  gneiss  of  the  Kailas  axis  ex- 
pands on  the  south-west  into  confluence  with  that  of  Deozai,  Dardistan,  and  Chil&s 
(beyond  the  Indus),  and  on  the  north-east  with  that  of  the  Mustdg,  which  is 
probably  continuous  with  that  of  the  Pamir  massif,  the  whole  forming  a  great 
node  between  the  Tibetan  ranges  on  the  south-east  and  those  of  the  Hindu  Kush 
on  the  west.  North  of  Shigar  an  independent  basin  of  triassic  and  palceozoio 
strata  comes  in  on  the  southern  flanks  of  the  Mustdg,  and  extending  north-west- 
wards towards  Nagar. 

In  the  ground  previously  explored,  Mr.  Lydekker  notices  some  hitherto  un. 
observed  patches  of  tertiary  rocks  in  the  neighbourhood  of  DrAs,  and  also  the 
occurrence  of  cretaceous  forms  of  fossils  in  the  tertiary  basin  of  the  Indus 
These  facts  have  somewhat  opposite  bearings :  the  Dras  outliers  rest  on  or  in 
palaeozoic  rocks,  and  thus  confirm  the  view  already  arrived  at  regarding  the  irreat 
Btratigraphical  break  between  the  cretaceous  and  eocene  deposits  in  this  part  of  the 
Himalayan  region ;  whereas  the  palsBontological  fact  would  tend  to  reduce  the 
time-value  of  that  break.  It  is  bne  more  of  the  frequently  recurring  instances  of 
the  want  of  any  standard  of  comparison  between  our  two  great  tests  of  geological 
tnne— the  structural  relations  of  the  rocks  and  the  biological  relations  of  their 
fossil  contents.  This  reflection  may  suggest  doubts  as  to  the  continuity  of 
sequence  in  the  palaeozoic  and  lower  secondary  deposits,  as  insisted  on  by  Mr. 
Lydekker  in  the  ground  he  has  examined. 

Although  the  field-work  was  done  in  the  summer  of  1879,  Mr.  Griesbach's 

If iDDu  HiMALiTAB :       accouut  of   his  observations  in  the  high   Himalayas  of 

Mr.  Oriesback.  Kumaun  and  Hundes  could  not  be  prepared  in  time  for 

notice  in  the  annual  report  for  that  year.     His  preliminary  sketch  was  published 

m  our  Records  for  May  last,  and  fully  justifies  the  promise  I  held  out  regard. 
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iog  it.  Great  additions  have  been  made  to  our  knowledge  of  that  moat  intevest- 
ing  ground,  in  the  detailed  classification  of  the  lower  seoondarj  formations, 
which  Mr.  Griesbach,  hj  means  of  the  fossils  he  collected,  has  brought  into  dose 
comparison  with  corresponding  sections  in  the  Alps. 

A  local  feature  of  much  importance  has  also  been  yerified,  and  may,  I  think, 
be  finally  accepted,  that  the  fossil  remains  of  large  mammalia  which  have  long 
been  known  to  occur  in  Tibet  are  really  derived  from  the  extensive  undisturbed 
deposits  forming  the  great  plains  of  that  elevated  region.  Our  best  authority 
on  this  point  hitherto.  General  Strachey,  has  always  asserted  it  was  so,  but  upon 
evidence  short  of  certainty,  and  the  inference  he  drew  therefrom,  that  the  plains' 
deposits  of  Hundes  must  have  been  formed  near  the  sea-level  and  subsequentiy 
raised  to  their  present  elevation  of  15,000  feet,  has  been  the  chief  difficulty  in 
accepting  the  observation.  I  have  always  considered  (jee  'Manual,'  p.  681) 
that  the  biological  and  climatologicaJ  conditions  of  the  puzzle  were  more  elastic 
than  the  stratigraphical,  and  that  the  adjustment  would  have  to  be  largely 
made  from  that  side.  Mr.  Qriesbach  was  prevented  by  the  Chinese  officials 
from  stayiug  any  time  in  Hundes,  and  he  has  not  brought  any  good  fossils  from 
those  deposits,  but  he  did  find  bone  fragments  in  them,  and  that  point  is,  I  think, 
settled. 

In  extending  his  view  to  the  general  question  of  Himalayan  geology,  Mr. 
Griesbach  has  been,  perhaps,  a  little  over-bold  upon  so  short  an  acquaintance  with 
the  giound,  and  without  sufficient  reference  to  what  has  already  been  done.  The 
general  interpretation  of  the  '  folded  flexure '  structure  which  he  applies  as  the 
key  to  the  whole  section,  as  if  for  the  first  time,  has  been  under  consideration 
from  the  beginning  of  our  work  in  this  region  {see  Memoirs,  Vol.  Ill,  Appendix), 
and  it  has  from  the  first  been  adopted  for  certain  parts  of  the  region,  such  as 
the  Dhauiadhdr  and  the  Pir  Panj^l ;  but  there  are  very  striking  structural  con- 
trasts  between  these  sections  and  those  which  have  been  described  in  the  area 
distinguished  as  the  lower,  or  outer,  Himalayas,  in  which  it  has  not  hitherto  seemed 
possible  to  make  out  the  flexure  structure  in  the  crude  (simple)  form  as  now 
done  by  Mr.  Griesbach.  The  features  referred  to  are  fully  noticed  in  the 
Manual  and  elsewhere,  and  need  not  be  recapitulated  here.  The  question  is, 
indeed,  far  from  settled,  but  we  must  beware  of  closing  it  by  the  forced  appli. 
cation  of  prescribed  forms. 

In  the  same  paper  Mr.  Griesbach  has  ventured  upon  a  still  bolder  undertake 
ing,  to  correlate  the  rocks  of  peninsular  India  with  those  of  the  Himalayas  and 
of  the  world  beyond  the  seas.  These  flights  of  generalisation  aare  always  more 
or  less  useful  as  stimulants,  but  are  unfortunately  seldom  susceptible  of  profit 
able  discussion  on  their  merits ;  the  entertainment  of  passing  final  judgment  on 
them  must  be  left  to  our  successors.  The  facility  with  which  identifications  of 
precarious  validity  are  thus  taken  up  has  the  inevitable  effect  of  weakening  one'9 
faith  in  what  might  otherwise  have  been  accepted  as  matter  of  experience,  such 
as  Mr.  Griesbach 's  correlation  of  our  Gondwinas  with  the  Karoo  series  de- 
scribed by  him  in  South  Africa,  save  that  this  is  a  point  upon  which  indepen- 
dent evidence  has  been  for  long  converging.  It  is  not  so  with  the  affiJiation 
of  onr  Vindhyan  series,  through  the  Table  Mountain  rocks,  to  the  carboniferpof 
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period,  though  the  argnment  presented  is  a  strong  one,  at  least  on  paper.  It 
wonld  indeed  be  convincing  bat  for  the  incommensurable  characters  of  the  tin- 
conformities  which  Mr.  Griesbach  handles  with  so  free  a  touch.  The  Table 
Mountain  sandstone,  as  stated,  is  presumably  carboniferous ;  and  if  an j  measur- 
able comparison  could  be  made  between  the  unconformities  of  the  Karoo  beda 
upon  that  rock  and  of  the  Gondw&nas  to  the  Yindhyans,  some  correspondence 
might  be  indicated.  Kegarding  the  former  feature,  much  detailed  information  is 
not  available,  but  of  the  latter  I  can  say  that  the  unconformity  is  as  great  as  is 
conceivable  under  the  circumstances  of  comparatively  little  disturbance  in  both 
formations.  The  physical  features  of  the  country  were  to  a  great  extent  transposed 
in  the  interval  of  these  formations,  the  uplands  becoming  hollows  and  the  hollows 
uplands,  and  mainly  by  a  slow  process  of  disintegration,  but  little  affected  by 
the  convenient  '  land- wave.'  This  may  not  be  admitted  as  a  difficulty  in  the 
affiliation  suggested,  inasmuch  as  the  permiau  period  may  mean  almost  any  term 
of  duration ;  still  such  little  facts  as  I  have  mentioned  should  not  be  lost  sight 
of.  Prodigious  breaks  in  time  may  be  represented  locally  by  slight  apparent 
unconformity,  as  might  be  illustrated  by  striking  instances  in  India ;  it  never- 
theless remains  true  that  strati  graphical  facts,  of  which  unconformities  are  not 
the  least  conspicuous,  still  form  our  safest  criterion  of  the  actual  lapse  of  time. 
If  I  have  ventured  to  make  what  may  be  thought  severe  remarks  upon  the 
AFOHANisriv :  speculative   efforts  of  my  colleague,  I  have  done  so  with  a 

Mr.  Qrxetback,  light  heart,  because  of  the  extent  and  excellence  of  the  real 

work  he  has  accomplished ;  and  I  must  not  omit  to  mention  that  the  *  Notes ' 
upon  which  I  have  commented  were  written  under  the  pressure  of  an  urgent 
departure  to  Afghdnistdn,  where  he  was  engaged  from  March  to  November. 
The  services  of  a  geologist  were  called  for  with  special  reference  to  a  discovery 
of  coal  near  the  mouth  of  the  Bolan  pass,  and  to  afford  information  to  the  Wali 
of  K^dahar  on  the  reputed  mineral  resources  of  his  territory.  Mr.  Griesbach 
offered  his  services,  and  I  could  have  chosen  no  more  efficient  officer.  Owing  to 
circumstances  beyond  Mr.  Griesbach's  control,  the  practical  object  of  his  mission 
could  be  but  little  attended  to  ;  and  for  the  same  reasons,  the  purely  geological 
obHcrvations  that  could  be  made  were  less  detailed  and  extensive  than  might  be 
expected  from  the  time  engaged.  Marches  with  troops  had  generally  to  be  made 
during  the  night,  and  whether  on  the  march  or  in  camp,  or  at  Kdndahir  itself, 
it  was  not  possible  to  go  any  distance  without  a  strong  military  escort.  Fortu- 
nately, Mr.  Griesbach's  admirable  skill  with  his  pencil  enabled  him  to  make  use- 
ful record  of  features,  it  was  impossible  to  examine  in  detail.  The  results  will 
be  published  as  soon  as  the  map  and  figures  can  be  prepared ;  meantime  the 
following  leading  features  may  be  mentioned : — In  the  whole  ground  traversed 
between  the  Indus  and  the  Helmand,  no  rocks  were  met  with  older  than  the 
eretaceous.  The  upper  tertiary,  or  neogene,  rocks  (Manchar  and  Gaj  groups  of 
Mr.  Blanford*s  Sind  series)  form  the  fringing  hills  about  Dadar ;  and  the  lower 
beds  (Gaj)  were  again  recognised  at  several  points  of  the  route.  They  at^e 
always  strongly  unconformable  to  the  eocene.  These  lower  tertiary  rocks  ha^^ 
a  two-fold  composition — ^presenting  a  limestone  fades  in  Biluchist^  and  a 
flysch  aspect  in  Afghanistan   (Ghazi^bad  and    Kojak  ranges).     They  are  con- 
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formable  to  the  cretaceouB  series,  whicli  is  shalj  at  top  with  a  strong  hipporitio 
limestone  below.  These  rocks  were  first  found  at  the  crest  of  the  Bolan  pasn, 
and  were  the  only  formation  observed  west  of  the  Kojak  range.  In  this  latter 
country  the  hippurite  limestone  is  extensively  broken  up  by  eruptive  rocks,  both 
granitic  and  trappean.  The  metalliferous  deposits  occur  in  the  contact  zone  of 
these  intrusive  rocks. 

I  cannot  close  this  notice  of  his  geological  work  without  recording  heir 
Mr.  Griesbach  did  honour  to  the  Survey  during  the  distressful  days  at  Girishk, 
Maiwand,  and  Kandahar  when  called  upon  to  change  the  hammer  for  the  sword. 

Puhlicatio7i8. — Four  parts  of  the  Memoirs  were  issued  during  the  year,  com- 
pleting Vols.  XV,  XVI,  and  XVII.  Mr.  Griesbach's  report  on  the  Ramkola 
coal-fields  form  part  2  of  Vol.  XV.  Mr.  King  has  written  parts  2  and  3  of 
Vol.  XVI ;  the  former,  describing  the  coastal  region  of  the  Nellore  portion  of  the 
Gamatic,  is  a  recovery  of  field-work  done  many  years  ago ;  it  is  in  sequence  with 
part  1  (by  Mr.  Foote)  describing  the  corresponding  region  to  the  north,  and 
part  3  contains  the  continuation  of  the  same  region  further  north,  in  the  Godavari 
area ;  in  it  are  given  the  details  of  some  sections  that  have  for  long  been  of 
special  interest  in  Indian  geology,  the  remote  outlier  of  the  Deccan  trap  and  its 
associated  fossiliferous  beds  at  Bajahmundry.  Part  2  of  Vol.  XVII  contains 
Mr.  Wynne's  description  of  the  Trans- Indus  continuation  of  the  Salt-range,  and 
the  map  is  uniformly  coloured  with  that  of  the  Salt-range  itself,  in  Vol.  XIV,  by 
the  same  author. 

The  Kecords  continue  to  fulfil  their  purpose  of  giving  immediate  information 
upon  points  of  special  interest,  and  of  bringing  to  notice  occasional  observations 
that  might  be  lost  sight  of  if  reserved  for  mention  in  some  appropriate  descriptive 
memoir.  The  volume  for  the  year  again  happens,  as  last  year,  to  contain 
22  papers,  with  numerous  maps  and  plates ;  and  again  two  of  the  best  articles 
are  by  independent  contributors — Mr.  G.  T.  Clark's  observations  on  the  evidence 
for  foci  of  eruption  in  the  Concan ;  and  Dr.  Carter's  most  useful  paper  on  the 
production  of  salts  in  the  soil,  as  occurring  to  such  a  ruinous  extent  in  north- 
western India. 

The  issue  for  the  year  of  the  Palseontologia  Indica  has  been  full  and  ini. 
portant.  Professor  Martin  Duncan's  description  of  the  Sind  fossil  corals,  with 
twenty-eight  beautifully  executed  plates,  forms  a  worthy  beginning  of  a  great 
task — the  description  of  the  marine  fauna  of  the  tertiary  rocks  of  India.  This 
work  has  already  given  valuable  and  conclusive  confirmation  to  the  correlation  of 
the  upper  groups  of  the  series  (including  the  Siwaliks)  as  worked  out  in  the  field 
and  from  a  discussion  of  the  mammalian  fauna  by  Mr.  William  Blanford. 
During  the  winter's  recess  from  his  field  work  in  the  high  Himalaya,  Mb. 
Ltdekkeb  was  able  to  prepare  and  issue  a  description  of  the  fossil  Proboscidia ; 
it  forms  part  5  (with  119  pages  of  text  and  18  plates),  completing  Vol,  I  of  the 
series  devoted  to  the  Indian  Tertiary  and  Post-tertiary  Vertebrata.  Besides  his 
current  work  in  arranging  the  collections  in  the  Museum,  Db.  Feisthantel  issued 
the  first  part  of  his  flora  of  the  Damuda  and  Panchet  divisions,  containing  eighteen 
plates.     He  also  prepared  very  full  systematical  lists   and  indices  for  the  earlier 
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nnmbeTB,  thus  completing  the  two  first  yolnmes  of  this  series  of  the  Palasontolog^ 
Indica,  entitled  the  Fossil  Flora  of  tbe  Gondwana  System.  As  may  be  gathered 
from  remarks  on  a  previous  page,  we  shonld  be  qnite  helpless  to  undertake  the 
classification  and  description  of  the  main  areas  of  the  Gondwina  formation  with* 
out  the  assistance  afforded  by  Dr.  FeistmanteFs  elaborate  study  of  the  fossil 
botany  of  these  rocks.  The  second  part  of  Dr.  Waaoen's  description  of  the  Salt^ 
range  fossils,  containing  111  pages  of  text  and  10  plates,  was  issued  during  the 
year.     The  materials  for  a  third  part  are  now  well  advanced  for  publication. 

Mining  Records. — A  beginning  has  at  last  been  made  to  establish  a  mining  record 
office  in  Bengal.  The  question  of  mining  legislation,  involving  the  inspection 
of  mines,  in  India  has  been  repeatedly  raised  within  the  last  twenty-five  years.  In 
early  days  there  is  no  doubt  that  much  violence  was  practised  in  connexion  with 
tbe  management  of  coal-mines,  but  such  conduct  was  no  more  than  was  then  in 
TOgne  amongst  large  land-owners  all  over  the  country,  being  only  the  remains  of 
indigenous  misrule  ;  and  any  traces  of  it  still  left  lie  in  this  quarter  rather  than 
in  the  management  of  mining  establishments.  -  The  conditions  which  have  led  to 
the  enactment  of  strict  regulations  in  countries  where  extensive  mining  operations 
are  carried  on  have  as  yet  no  existence  in  India ;  there  are  no  hardships  to  be 
endured  essentially  different  from  those  involved  in  other  branches  of  enterprise, 
the  adjustment  of  which  is  best  left  to  the  guidance  of  intelligent  self  interest 
and  benevolence.  Government  has  therefore  refrained  from  imposing  upon  this 
industry  the  annoyances  inseparable  from  an  official  inspection  involving  the 
actual  mining  operations.  There  is,  however,  one  point  that  cannot  be  left  to 
take  care  of  itself,  as  it  has  but  small  bearing  upon  immediate  interests,  and 
which,  for  this  same  reason,  it  is  unobjectionable  for  Government  to  interfere  with, 
while  for  the  permanent  interests  involved  it  becomes  obligatory  to  do  so-— to 
ensure  a  permanent  record  of  abandoned  underground  workings.  To  make 
ceitain  of  this  being  done  would,  indeed,  involve  an  official  check  upon  the  plans 
that  are  made  of  actual  workings,  for  it  is  notorious  that  thriftless  managers  will 
drive  ahead  without  keeping  their  mine-survey  up  to  date ;  and  such  a  check  might 
well  be  enforced  without  giving  any  scope  to  officious  interference  with  the  work- 
ing of  the  mine.  It  has,  however,  been  determined  for  the  present  to  trust  to 
what  can  be  obtained  voluntarily  from  mine-owners,  all  of  whom  have  been 
officially  invited  to  send  copies  of  their  mine-surveys  to  be  deposited  in  the  office 
of  the  Geological  Survey. 

In  this  connexion  I  am  glad  to  be  able  to  announce  that  permission  has  been 
given  to  place  in  the  hands  of  Mr.  Y.  Ball  the  preparation  of  a  volume  on  the 
economic  geology  of  India,  to  form  Part  III  of  the  Survey  Manual,  issued  in  1879. 
It  cannot  be  expected  that  this  work  should  contain  much  positive  information 
upon  the  mineral  wealth  of  India,  for  little  or  nothing  has  been  done  in  the  experi- 
mental opening  out  of  mineral  deposits  in  this  country,  and  without  this,  it  is  not 
possible  to  form  any  accurate  judgment  of  their  mode  of  occurrence  or  richness. 
It  will,  however,  be  of  much  interest  and  practical  service  to  bring  together 
into  connected  form  notices  of  all  that  has  been  seen,  said  or  done  upon  this  very 
important  subject.  I  feel  confident  that  Mr.  Ball  will  do  justice  to  the  work 
he  has  undertaken. 
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Ifti^eutn. — Good  progress  lias  been  made  in  bringing  the  collections  into  com- 
plete classified  arrangement.  Some  new  cases  were  provided  daring  the  year,  in 
which  the  fossils  recently  described  are  now  duly  laid  ont  for  exhibition.  While 
officiating  for  Mr.  Mallet,  in  charge  of  the  mineral  collections,  Mr,  Fedden  re- 
arranged the  series  of  meteorites,  combining  the  collection  formerly  belonging 
to  the  Asiatic  Society  with  the  larger  series  previously  in  the  possession  of  the 
Survey.  The  carefully-checked  catalogue  prepared  by  Mr.  Fedden  was  pub- 
lished and  issued  before  the  close  of  the  year. 

I  availed  myself  of  Mr.  Mallet's  willing  services  while  on  sick  leave  in  Europe 
to  supply  an  important  want  in  our  Museum.  The  collection  of  useful  mineral 
products,  and  the  description  of  them  in  so  far  as  relates  to  their  abundance  and 
mode  of  occurrence,  is  essentially  a  duty  of  the  Geological  Survey,  unless  in 
some  perfectly  organised  State,  where  a  properly  qualified  Technological  Depart- 
ment might  take  charge  of  that  branch  of  the  work.  The  fulfilment  of  this 
duty  is  necessarily  most  elastic  in  its  standard,  according  to  the  actual  conditions 
and  the  possible  or  probable  needs  of  the  country,  the  extent  of  ground  to  be 
examined,  and  the  facilities  given  or  available  for  such  work.  The  Survey  has 
always  endeavoured  to  keep  up  to  the  mark  of  requirement  in  these  respects,  and 
we  now  possess  a  fairly  numerous  illustration  of  such  useful  mineral  substances 
as  are  known  to  occur  in  India.  For  our  own  and  public  use,  we  have  often  felt 
tbe  want  of  good  samples  of  raw  materials  of  known  quality  in  the  arts.  I 
accordingly  asked  Mr.  Mallet  to  endeavor  to  procure  such  samples  for  the  Museum. 
He  made  application  to  a  large  number  of  manufacturers,  chiefly  in  the  United 
Kingdom,  and  numerous  contributions  of  specimens  have  already  reached  us. 
We  hope  before  long  to  have  this  branch  of  the  Museum  in  a  fair  state  of 
efficiency. 

Library. — There  were  1,646  volumes  and  parts  of  volumes  added  to  the  library 
during  the  past  year— 761  by  purchase  and  894  presented.  It  should  be  noted 
that  these  figures  are  taken  from  the  entries  in  the  library  register,  the  weekly 
or  monthly  parts  of  joumab  being  separately  counted. 

Personnel. — The  following  officers  were  absent  on  furlough  during  the  year  : 

Mr.  Blanf ord  for  the  whole  year ;  Mr.  Foote  rejoined  his  appointment  on  the  7th 
of  December,  and  resumed  work  in  the  Madura  district ;  Mr.  Wynne  took  twenty 
months'  leave  on  the  3rd  of  April ;  Mr.  Mallet  returned  from  furlough  on  the 
23rd  of  October,  and  resumed  charge  of  the  laboratory  and  the  mineral  collec- 
tions  ;  Mr.  Ball  returned  to  office  on  the  16th  of  October.  On  the  30th  of  July 
Mr.  Pramatha  Nath  Bose,  B.  Sc.  (London),  F.  G.  S.,  joined  his  appointment  on 
the  graded  stafE  of  the  Survey,  being  the  first  native  gentleman  who  has  duly 
qualified  himself  for  the  post.  There  is  much  ground  for  hope  that  he  will  prove 
equal  to  the  duties  he  has  undertaken. 

Calcutta,  H.  B.  MEDLICOTT, 

The  26^A  January  1881.  Su^eriiUetidetU,  Geohgical  Survey  of  India, 
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List  of  Societies  a/nd  other  Institutions  from  which  publications  have  been  received 
ifh  donation^  or  exchange^  for  tlie  Library  of  the  Qeologieal  Survey  of  India, 
dt&ring  the  year  1880. 

Batatia. — ^Batavian  Society  of  Arts  and  Sciences. 
Belfast. — Natural  Historj  and  Philosophical  Society. 
Beelin. — German  Geological  Society. 

„      — Boyal  Prussian  Academy  of  Sciences. 
Bologna. — Academy  of  Sciences. 

Bombay. — Bombay  Branch  of  the  Royal  Asiatic  Society. 
Boston. — ^American  Academy  of  Arts  and  Sciences. 

„      —Society  of  Natural  History. 
Breslau. — Silesian  Society  of  Natural  History. 
Brussels. — Geographical  Society  of  Belgium. 

„        — Geological  Survey  of  Belgium. 
Budapest. — Hungarian  Institute. 
Cabn. — Linnean  Society  of  Normandy. 
Calcutta. — Agricultural  and  Horticultural  Society. 
— Asiatic  Society  of  Bengal. 
— Marine  Survey. 
— Meteorological  Department. 
— Survey  of  India. 
—Trustees,  Indian  Museum. 
Cambridob-Mass. — ^Museum  of  Comparative  Zoology. 
Copenhagen. — Eroyal  Danish  Academy. 
Dijon. — ^Academy  of  Sciences. 
Dresden. — Isis  Society. 
Dublin. — Royal  Geological  Society  of  Ireland. 

»     — Royal  Irish  Academy. 

„     — ^Royal  Dublin^ Society. 
Edinburgh. — Geological  Society. 

„  — Royal  Scottish  Society  of  Arts. 

„  —Royal  Society. 

Geneva. — Physical  and  Natural  History  Society. 
Glasgow. — Geological  Society. 

»>       — Glasgow  University. 

,9       — Philosophical  Society. 
Halle. — Imp.  Leopol.  Carol.  German  Academy. 
Hareisbueo. — Geological  Survey  of  Pennsylvania. 
Indianapolis. — Geological  Survey  of  Indiana. 
K5NI0SBBEG. — Physical  Economic  Society. 
Lausanne.— Vandois  Society  of  Natural  Science. 
LoN]>ON. — Geological  Society. 

,,       — India  Office. 

„       —Iron  and  Steel  Institute. 

„      — Linnean  Society. 
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London. — Royal  Asiatic  Society. 

— Royal  Geograpbical  Society. 
— Royal  Institution  of  Great  Britain. 
— Royal  Society. 
— Society  of  Arts. 
— Zoological  Society. 
Madrid. — Geographical  Society. 
Manchester. — Geological  Society. 
Melbourne. — Geological  Survey  of  Victoria. 
„  — ^Mining  Department,  Victoria. 

„  — Royal  Society  of  Victoria, 

Minneapolis. — Minnesota  Academy. 
Milan. — Society  of  Natural  Science. 
Montreal. — Geological  Survey  of  Canada. 
Moscou.— Imperial  Society  of  Naturalists. 
Munich. — Royal  Bavarian  Academy  of  Sciences. 
Neuchatel. — Society  of  Natural  Sciences. 
New  Haven. — Connecticut  Academy  of  Arts  and  Sciences. 
„  — Editors  of  the  American  Journal  of  Science. 

Paris. — Academy  of  Sciences. 

— Geological  Society  of  Prance. 
— Mining  Department. 
Penzance. — Royal  Geological  Society  of  Cornwall. 
Philadelphia. — Academy  of  Natural  Sciences. 
„  — American  Philosophical  Society. 

„  — Franklin  Institute. 

Pisa. — Society  of  Natural  Sciences,  Tuscany. 
Rome. — Geological  Commission  of  Italy. 

„     — Royal  Academy. 
Roorkbe. — Thomason  College  of  Civil  Engineering. 
Saint  Petersburg. — Imperial  Academy  of  Sciences. 
Salem-Mass. — Essex  Institute. 

Singapore. — Straits  Branch  of  the  Royal  Asiatic  Society. 
Stockholm. — Geological  Survey  of  Sweden. 
Strasburg. — Strasburg  University. 
Sydney. — Department  of  Mines,  New  South  Wales. 

„       — Royal  Society  of  New  South  Wales. 
Tasmania. — Royal  Society. 
Turin. — Royal  Academy  of  Sciences. 
Vienna. — Imperial  Academy  of  Sciences. 

„      — Imperial  Geological  Institute. 
Washington. — Philosophical  Institute. 
„  — Smithsonian  Institute. 

„  — United  States  Geological  and  Geographical  Survey. 

Wellington. — Geological  Survey  of  New  Zealand. 
— New  Zealand  Institute. 
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Yokohama.. — ^Asiatic  Society  of  Japan. 
„         •» German  Natoralists'  Societj. 
„         — Public  Works  Department.  Japan. 
York. — ^Yorkshire  Philosophical  Societj. 
Zurich, — Natural  History  Society. 
The  Government  of  Bengal. 
„  „  Bombay. 

»,  „  Madras. 

„  „  North- Western  Provinces. 

„    ^        „      ^      Punjab. 
The  Chief  Commissioner  of  Assam. 

M  „  British  Burma. 

»»  ,9  Central  Provinces. 

»>  }•  Mysore. 

The  Besident,  Haiderabad. 
Foreign,  and  Home,  Kevenue,  and  Ag^cultural  Departments. 


PaET  1.]  1 

Geology  of  Pad  of  Dardistan,  Baltistin,  and  Neiglibouring  Districts,  being  fifth 
notice  of  tlie  Gtology  of  Kdshmir  and  Neighbouring  Territories.— 2?// 
R.  Lydbkker,  B.A.,  F.Z.S.,  Geological  Survey  of  India, 

(With  Map  and  Sections.) 

I. — Introduction. 

Area  examined, — The  area  of  country  geologically  examined  by  myself  during 
the  past  summer  comprehends  the  north-western  portion  of  the  territories  of 
the  Maharaja  of  Kashmir;  namely,  a  considerable  portion  of  Dardistan,^  the 
greater  portion  of  Baltistan,  together  with  Sum  (Sooroo),  and  the  upper  half  of 
the  Wardwan  valley :  a  re-examination  of  the  rocks  of  part  of  the  Kashmir  valley 
has  also  been  made. 

Route  traversed, — The  route  traversed  by  myself,  exclusive  of  some  minor 
detours,  may  be  summarised  as  follows  : — Leaving  the  valley  of  Kashmir  above 
Bandipur,  on  the  northern  shore  of  the  Walar  lake,  my  route  lay  across  the 
Trdgbal  pass  into  the  valley  of  the  Kishangang^  (Kishenganga)  river:  I  pro* 
ceeded  up  this  valley  as  far  as  Gurez  (Gurais),  from  which  point  I  turned  off  to 
the  north  ward,  and  advanced  up  the  valley  of  the  Burzil  (Boorzil)  river,  and 
thence  across  the  Dorikiin  (Dorikoon)  pass  to  Astor :  from  the  latter  place  I 
made  a  short  excursion  to  the  valley  of  the  Indus  above  Bawanji  (Boonjie),  and 
retuming  from  thence  to  Astor,  I  proceeded  aci*os8  the  Banok .  (Bunnok)  L&  to 
Rondu  on  the  Indus,  and  thence  up  the  valley  of  that  river  to  Skiirdu  (Skardo, 
or  Iskardo).  From  Skdrdu  I  advanced  up  the  valley  of  the  Indus  to  its  junc- 
tion with  the  Shayok  (Shyok),  and  thence  up  the  latter  valley  as  far  as  the 
district  of  Chorbat,  to  the  south  of  which  I  carried  my  geological  examination 
of  the  preceding  season  :  during  this  trip  I  made  a  run  northward  up  the  Hushi 
(Hushe)  valley,  as  far  as  the  foot  of  the  gigantic  peak  numbered  Kl  on  the 
Survey  map.  Returning  down  the  Shayok  and  Indus  valleys,  I  proceeded  to 
Shigar,  from  whence,  travelling  up  the  river  of  the  same  name,  I  paid  a  visit  to 
the  great  glaciers  of  northern  Baltistdn,  advancing  a  considerable  distance  up  the 
Palma  (Punmah^)  and  Baltaro  (Boltoro)  glaciers.  Retuming  once  again  to 
Skardu,  my  route  lay  across  the  plains  of  Deosai,  thence  down  the  Shingo  river, 
and  across  the  Marpo  Ld  to  Drds.  From  the  latter  place  I  proceeded,  by  crossing 
the  intervening  range,  to  Kartsi  (Kurtse),  and  thence  to  Sum  :  from  the  latter 
place  I  crossed  the  Bhot-Kol  pass  (Lanwi  L4)  into  the  valley  of  the  Wardwan 
river,  down  which  I  travelled  as  far  as  Inshin,  whence  I  crossed  the  range  to 
Nowbug,  and  thus  once  again  reached  the  valley  of  Kashmir. 

Previous  geological  notices, — The  large  area  of  country  visited  during  this 
journey  is,  with  the  exception  of  the  neighbourhood  of  the  Kiushmir  valley, 
almost  entirely  new  ground  to  the  Geological  Survey,  and  has  indeed  been  but 
little  noticed  by  any  geological  writers.     The  most  important  previous  notice  is 

I  For  the  topognphj  of  these  districts  the  reader  may  consult  Mr.  Drew's  well-known  work 
on  Kishmfr :  "  The  Jnmmoo  and  KiLshmCr  territories/'  London,  1876 ;  and  also  "  The  Tribes  of 
the  Hindoo  Khooeh''  by  Major  Biddulph ;  CaluattH,  1880. 

s  The  name  is  so  spelt  on  the  Atlas  sheet ;  it  is,  however,  pronounced  as  here  spelt. 
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one  by  Lieutenant- Colonel  (then  Captain)  Godwin-Austen,  published  in  the 
"  Quarterly  Journal  of  the  Geological  Society  of  London  "  for  1864,*  to  which 
I  shall  have  occasion  to  refer  subsequently.  Slight  notices  have  been  also  given 
by  Mr.  Drew,*  General  Cunningham,'  the  late  Dr.  Thomson,*  the  late  Dr.  Fal- 
coner,^ and  the  late  Mr.  Yigne.^  Portions  of  the  area  examined  lying  near  the 
Kcishmir  valley  have  already  been  noticed  by  Dr.  Stoliczka^  and  myself^  in 
papers  to  which  I  shall  often  have  occasion  to  refer ;  while  many  notices  of  the 
geology  of  the  valley  itself  have  already  appeared. 

General  characters  of  strata  examined. — By  far  the  fi^reater  portion  of  the  strata 
occurring  in  the  area  under  consideration,  consists  of  more  or  less  completely 
metamorphosed  rocks  belonging  to  more  than  one  geological  fonnation.  In  most 
cases,  it  has  not  been  found  practicable  to  distinguish  these  different  formations 
on  the  map,  as  their  original  relations  have  been  altered  by  metamorphism. 
These  metamorphio  rocks  have,  however,  yielded  important  evidenoe  in  regard 
to  the  age  of  the  metamorphics  in  other  parts  of  Kashmir  territory,  in  regard  to 
which  point  considerable  discussion  has  already  taken  place  in  earlier  papers  of 
this  series.  The  facts  recently  acquired  have,  moreover,  entailed  certain  modi- 
fications of  views  previously  expressed.  The  ascertained  geological  position  <^ 
rocks  containing  carboniferous  fossils  in  the  Wardwan  valley  above  the  village  of 
Suknis  (Sooknis)  (to  the  discovery  of  fossils  in  which  by  Mr«  F.  Drew  reference 
has  been  made  in  an  earlier  paper^),  has  shown  that  a  much  greater  proportion  of 
the  rocks  of  the  great  limestone  series,  than  was  previously  supposed,  must  be 
assigned  to  the  triassic  period. 

Order  of  efe«orip*i(wi..— With  the  foregoing  remarks  I  proceed  to  the  general 
description  of  the  rocks  occurring  in  the  area  indicated,  taking  them  firstly  in 
the  order  in  which  they  were  met  with  along  the  route  traversed,  and  adding 
some  more  general  remarks  in  a  later  section.  In  the  two  concluding  sections 
isome  notes  are  added  on  the  glaciers  and  hot  springs  of  Baltistin. 

II. — ^Dbsobiption  of  Bocks  mbt  with  on  routb. 

Bandipur  to  Ourez.^^The  rocks  on  the  road  between  Bandipur  and  the  Kishen- 
gang&  valley  have  been  already  noticed  by  myself  in  a  previous  paper,  and'^  have 
been  shown  to  be  the  equivalents  of  the  silurian,  and,  perhaps,  of  still  older 
rocks.  In  the  Kishengangi  valley,  in  the  neighbourhood  of  Gurez,  there  occurs 
a  large  series  of  limestones  and  shaly  rocks,  conformably  overlying  the  silurian, 
and  representing  the  carboniferous  and  trias.     These  rocks  were  also  mentioned 

>  Vol.  XX,  p.  883. 

'  Loc,  cit. 

»  "  Laddk,"  London,  1854. 

<  "Western  Himalaya  and  Tibet,"  London,  1852. 

»  "Palseontological  Memoirs,"  Vol.  I,  p.  677,  et  stq, 

*  '*  Travels  in  Kashmfr,  Lad&k,  Iskardo,  etc,"  Loudon,  1842. 
'  "  Mem.  Geol.  Surv.  of  India,"  Vol.  V,  p.  852,  et  seq. 

■  Supra,  Vole.  IX,  p.  156 ;  Xf,  p.  30;  XII,  p.  15;  XHI,  p.  26 :  I  Bhall  frequently  refer  to 
tlicse  papers  without  citing  the  precise  page  referr^  to. 

•  8upra,  Vol.  XIII,  p.  58. 
>»  Ihid.,  Vol.  XII,  p.  23. 
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IB  the  paper  quoted  above,  but,  as  I  have  now  examined  them  in  gfreater  detail, 
and  marked  their  boundaries  with  greater  accuracy  on  the  map,  they  require  a 
farther  notice  on  the  present  occasion. 

Qurez  trias,  etc. — The  topmost  portion  of  the  Gurez  limestone^  now  remain, 
ing,  forms  the  lofiy  and  precipitous  cliffs  on  which  Ghangi  station  is  situated. 
This  rock  is  a  massive,  bluish-white,  dolomitic  limestone,  similar  to  that  which 
occurs  on  the  Dras  river,  already  described  in  my  above-quoted  papers ;  it  is 
underlaid  by  banded  limestones  like  those  of  Sonamarg,  and  several  parts  of  the 
Kashmir  valley.  The  rock  has  a  low  and  constant  north-easterly  dip,  and  in 
many  places  is  full  of  the  large  Megdlodon  (cf,)  gryphoides,*  common  in  the 
triassic  rocks  of  parts  of  Lad&k.  To  the  south-west  of  Gurez  these  rocks  are 
underlaid  by  massive  blue  limestones,  and  dark,  and  frequently  carbonaceous, 
shales,  passing  gradually  downwards  into  the  slaty  and  chloritio  rocks  of  the 
sihirian.  The  higher  rocks  being  undoubtedly  triassic,'  and  the  lower  in  all 
probability  silurian,  it  is  presumed  that  some  of  the  intermediate  rocks  must 
represent  the  carboniferous.  From  the  absence  of  carboniferous  fossils  in  this 
locality,  it  is,  however,  by  no  means  an  easy  matter  to  fix  definitely  the  car- 
IxHuferons  horizon ;  but  from  analogous  sections  in  Lad^,  and  from  a  section 
in  the  Wardwan  valley,  to  be  mentioned  in  the  sequel,  it  is  inferred  that 
the  shaly  and  calcareons  beds  at  the  base  of  the  limestone  series  are,  in  all  pro- 
bability, the  representatives  of  the  carboniferous,  and  accordingly  have  been 
coloured  so  in  the  map.  Whether  the  zone  is  quite  rightly  fixed  may  be  open  to 
doubt,  but  it  cannot  be  far  distant  from  the  truth. 

Extension  of  same. — The  trias  of  Gurez  extends  to  the  south-east  into  Tilel 
(Tilail),  as  has  been  already  noticed  in  a  previous  paper^ ;  its  northern  boundary 
was  not,  however,  fixed  at  the  time  of  writing  that  paper,  and  may  now  claim  our 
attention.  Up  the  valley  of  the  Burzil  river,  the  trias  continues  as  far  as  the 
village  of  Chewai,  at  which  place  it  has  acquired  a  southerly  dip,  and  passes 
down  into  a  series  of  black  carbonaceous  shales  and  blue  limestones  with  quartz 
veinings  :  near  the  village  of  Dudgai  (Doodigai),  these  lower  rocks  in  turn  gradu- 
ally pass  down  into  hard  sandstones  and  slates,  generally  of  a  dark  colour.  The 
carbonaceous  shales  are  more  developed  on  this  side  of  the  trias  than  on  the 
southern  side;  they  correspond  in  mineralogical  composition  very  closely  with 
similarly  situated  shales  in  LadAk,*  and,  lika  them,  must,  in  all  probability,  be 
referred  to  the  carboniferous :  to  the  south-east  they  are  largely  developed  in 
Tilel,  where  I  have  already  noticed  them  in  the  paper  quoted.     The  rocks  under- 

'  Notes  on  the  occurrence  of  this  limestone  are  given  by  Vigne,  loc.  eit..  Vol.  I,  p.  209,  aud 
Drewj  loc.  eU.,  p.  395. 

*  Supra,  Vol  XIII,  p.  4i.  The  eephalopod  previotwly  noticed  by  myself  (Supra,  Vol.  XII, 
p.  S4)  from  these  roclcs  as  a  Clymenia,  came  from  the  same  beds  as  the  Megalodon,  I,  therefore, 
think  that  in  a  field  examination  the  specimen  must  have  been  wrongly  determined  and  in 
reality  must  have  belonged  to  a  large  species  of  Ceratifes. 

'  Tlie  rhsetic  is  here  classed  with  the  trias ;  the  ddegalodo'i  is  chnracterihtic  of  the  upper  Irias. 

*  Supra,  Vol.  XII,  p.  15,  et  seq. 

*  Ibid.,  Vol.  XIII,  p.  44. 
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Ijing  tlie  presumed  earboniferons  band  are  those  classed  as  the  silarian/  Some- 
what higher  up  the  Burzil  river,  the  strike  of  the  rocks  changes  from  its  normal 
north-westerly  and  south-easterlj  direction,  and  becomes  coincident  with  the 
course  of  the  river ;  the  dip  being  nearly  due  east,  at  a  low  angle.  The  sum- 
mite  of  the  hills  and  spurs  forming  the  ridge  on  the  right  bank  of  the  riyer 
consist  of  the  presumed  carboniferous  shales  and  limestones,  with  the  siluriana 
underlying  them.  The  carboniferous  rocks  form  the  greater  portion  of  the  pre- 
cipitous clifEs  on  the  left  bank  of  the  river.  Above  the  village  of  Jasat,  the 
shales  and  limestones  are  remarkable  for  the  extraordinary  amount  of  contortion 
and  folding  to  which  they  have  been  subjected.  Still  higher  up  the  river  valley 
the  carboniferous  rocks  are  apparently  overlaid  by  a  great  series  of  slates,  Eand- 
stones,  amygdaloids,  ribband. jaspers,  and  conglomerates,  with  here  and  there  a 
thin  calcareous  band.  These  apparently  overlying  rocks  seem  to  be  the  same  as 
those  underlying  the  carboniferous  on  the  lower  part  of  the  Burzil  river,  and  are 
certainly  the  same  as  the  Silurians  of  Dv&s  and  Tilel,'  which  also  underlie  the 
carboniferous.  On  these  grounds  I  can  only  explain  the  section  on  the  upper 
Burzil  by  inversion,  the  Silurians  really  underlying  the  carboniferous. 

Characters  of  siluruins. — Many  of  the  Silurians  have  their  joint-surfaces 
covered  with  a,  thin  coating  of  a  green  serpentinous  mineral,  while  the  rocks 
themselves  are  not  unfrequently  very  similar  in  character  to  the  trappoids  of 
Dr^.  The  conglomerates  contain  pebbles  of  granitic  gneiss,  and  other  meta- 
morphic  rocks,  to  which  I  shall  have  occasion  lo  refer  again  in  the  sequel.' 

Doril-Hn  pass. — The  unaltered  silurian  rocks  continue  to  a  short  distance 
above  the  junction  of  the  Burzil  and  Nagai  streams,  where  they  have  a  south- 
westerly dip,  and  gradually  pass  downwards  into  a  schistose  gneiss.  This  lami- 
nated gneiss,  which  must  doubtless  be  altered  out  of  the  lower  part  of  the  silurian 
series,  is  finally  underlaid  by  an  unstratified  white  and  finely  crystalline  gneiss, 
sometimes  homblendic,  and  at  others  micaceous,  and  indistinguishable  both  in 
hand  specimens  and  in  situ  from  true  granite.     This  rock  forms  the  summit  of 

^  At  tlie  risk  of  repetition,  I  must  again  remark  that  the  silurian  is  placed  immediately  below 
the  CHrbouiferous,  since  when  fosMils  have  been  obtained  in  the  lower  Himalayan  rocks  no  devo« 
nian  period  could  be  defined  from  them.  Since,  however,  we  have  a  continuous  rock-series  in 
this  part  of  the  Himiilnya,  it  is  evident  that  the  representatives  of  the  devonian  must  exist,  either 
at  the  base  of  the  rocks  classed  as  carboniferous,  or  at  the  top  of  those  classed  as  silurian.  In 
the  absence  of  fossil  evidence,  and  in  the  continuity  of  the  infra-carboniferous  roi'ks  as  a  geolo* 
gical  series,  it  would  be  worpe  than  useless  to  attempt  an  arbitrary  division.  (Mr.  Qriesbach  lias 
thought  that  in  tlie  more  eastern  Himalaya  he  could  distinguish  by  fossils  a  distinct  devonian 
epoch.  Supra,  Vol.  XIII,^p.  93).  The  foregoing  remarks  will  apply  with  equal  propriety  to  the 
nou- recognition  of  the  iieniii^n  and  rhetic  as  distinct  periods.  Indeed,  both  devonian,  permian, 
and  rlietic,  are  but  transitional  periods  in  Europe,  and  it  is  therefore  not  surprising  that  they 
should  not  be  so  diHtinctly  recognisable  in  other  regions,  where  the  transition  of  the  life-forms  may 
have  been  more  compressed. 

s  Supra,  Vol.  XII,  p.  ir>,  et  teq. 

*  It  is  very  remarkable  that  nonie  of  the  silnrian  conglomerates  here,  as  well  as  near  UHis, 
in  the  Wanlwan,  and  on  the  Pir  Pnnj^l,  contain  pebbles  of  a  limestone  exceedingly  like  thut  uf 
the  trias,  but  which  mubt  have  been  derived  from  suine  uinch  older  rocks,  now  totally  ivuioM^d. 
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the  Dorikun  pass,  at  wbicli  place  it  lias  been  referred  to  bj  Mr.  Drew*  as  true 
granite;  it  seems  to  be  identical  with  the  granitic  gneiss'  of  Dras,  and  some 
IH)rtion  of  that  of  Ladak. 

Gneiss  of  two  pen'oth. — It  is  quite  evident  from  the  occurrence  of  pebbles  of 
a  granitic  gneiss  in  the  overlying  conglomerates,  which  are  presumably  Silu- 
rian, that  some  portion  of  the  underlying  gneiss  series  must  have  existed  as 
land  at  the  time  of  the  deposition  of  the  Silurians.  This  original,  primitive  gneiss, 
which  is,  I  think,  certainly  represented  by  that  of  the  Dorikiin  pass,  is  doubtless 
the  **  central''  gneiss  of  Dr.  Stoliczka.  It  would  appear,  however,  that  sub- 
sequent metamorphic  action  has  partially  altered  the  base  of  the  superimposed 
Silurian  series,  and  has  obliterated  all  traces  of  the  original  unconformity 
between  the  latter  and  the  hypogene  gneiss.  This  subsequent  metamorphism 
has  rendered  ii  almost,  if  not  quite,  impossible,  in  many  cases,  to  distinguisli 
between  the  primitive  and  the  superimposed  gneiss,  and  therefore  the  red  area 
on  the  map  must  be  taken  to  include  gneiss  of  the  two  ages.  I  shall  have 
more  to  say  on  this  question  in  the  sequel,  and  in  my  route  survey  shall  endea- 
vour to  point  out  in  what  places  it  can  be  distinctly  affirmed  that  the  gneiss 
belongs  to  one  or  the  other  period.  The  Dorikdn  gneiss  being  clearly  primitive, 
and  being  indistinguishable  from  that  of  Dras  and  Ladfik,  confirms  my 
previously-expressed  view  as  to  at  least  a  great  portion  of  that  gneiss  being 
primitive.* 

Afdor  gneiss, — To  return  to  the  section.  Gneissic  rocks  are  continued  across 
the  Dorikun  pass  into  the  Astor  valley,  and  are  there  generally  light-coloured 
and  unstratified  ;  the  higher  beds  are,  however,  sometimes  imperfectly  crystalline, 
homblendic  in  composition,  and  show  more  or  less  distinct  signs  of  original 
stratification.  Near  the  village  of  Dars  the  lowest  exposed  gneiss  is  a  light- 
coloured  granitic  rock,  crowded  with  large  twin-crystals  of  white  or  pinkish 
orthoclase,  and  seems  to  bo  indentical  with  the  porphyritic  gneiss-granite  of 
Tankse  in  Ladak* :  this  gneiss  is  also,  I  think,  certainly  primitive.  Below  Dars 
the  gneiss  is  generally  fine-grained  and  dark-coloured,  containing  some  partially 
altered  slaly  beds :  it  is  not  easy  to  determine  its  serial  relationship  to  the  por- 
phyritic rock,  but  it  probably  overlies  the  latter,  and  most  likely,  at  all  events 
in  part,  belongs  to  the  altered  silurian  series. 

Silurian  (f)  gneiss, — In  the  neighbourhood  of  Astor  itself,  we  find  the  lowest 
exposed  rocks,  as  is  well  exhibited  near  the  village  of  Dashken,  consisting  of 
hght-coloured,  distinctly  foliated,  gneiss  and  mica-schist.  The  former  is  sometimes 
fine-grained,  frequently  gametiferous,  and  locally  porphyritic :  the  crystals  of 
orthoclase  in  the  latter  have  a  peculiar  lenticular  form,  and  are  embedded  in 
a  purple  felspathic  base,  with  imperfectly  crystalline  structure,  and  frequently 
containing  small   garnets.^     The  whole   of  the  lower  part  of  the  gneiss  series, 

>  Loc.  eii.  p.  39^  at  p.  did.    BIr.  Drew  alio  BpeakB  of  the  Ladkk  giieiw  as  granite:  Mr. 
Vijpu'  {loc.  eH.f  p.  212)  Kpeaks  of  the  Dorikun  gneiss  as  granite. 

*  llie  (}<>rma)i  tciiu  "  ^iiei»s-gi*anite  "  will  sometimes  be  employed  for  these  granite-like  rocks. 

*  Supra,  Vol.  Xlll,p.  67. 
*i6id..  Vol.  X 111,  p.  30. 

Known  in  Genuauy  as  "  aagen-gneiss  "  ('  eyed-gneiss,')  from  the  form  of  the  felspar  crystals* 
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exposed  in  this  neighbourhood  weathers  to  a  rusty  brown  colour,  is  frequently 
ferruginous,  and  generally  traversed  by  veins  of  white  intrusive  granite.  .The 
rocks  are  generally  micaceous,  though  sometimes  homblendic :  large  isolated 
crystals  of  hornblende  not  unfrequently  occur  in  the  micaceous  varieties.  It  is 
these,  lower  rocks  of  the  Astor  series  which  are  chiefly  developed  in  i^e  trans- 
Indus  ranges  in  the  neighbourhood  of  Gilgit.  Lieut.-Col.  H.  C.  B.  Tanner  in- 
forms me  that  similar  rocks  extend  as  far  as  Garktich,  to  the  north-west  of  Gilgit. 

Upp&r  beds. — The  higher  portion  of  the  Astor  gneiss  series,  well  exhibited 
near  Astor  itself,  generally  consists  of  a  dark-coloured,  granitic,  and  often  highly 
homblendic  gneiss,  though  micaceous  varieties  occur  here  also. 

Astor  to  Bondu, — On  the  road  between  Astor  and  Bondu,  which  crosses  the 
high  range  dividing  the  Astor  river  from  the  Indus,  the  higher  and  dark-coloured 
gneiss-granite  of  Astor  continues  as  far  as  the  village  of  Popdl,  where  it  is 
underlaid  by  micaceous,  gametiferous,  and  imperfectly  crystalline  schists,  con- 
taining ferruginous  patches  weathering  to  a  bright  red  or  orange  colour,  and 
traversed  by  veins  of  intrusive  granite.  These  rocks  are,  of  course,  the  same  as 
those  underlying  the  higher  gneiss  on  the  Astor  river,  but  are  less  crystalline ; 
they  are  again  underlaid  by  a  light-coloured,  granitic,  or  porphyritic  gneiss 
like  that  of  the  Dorikdn  pass,  forming  the  core  of  the  ridge  dividing  the  Astor 
and  Indus  valleys. 

Age  of  Ador  gneiss. — This  gneiss  core  being  primitive,  it  would  seem  that 
the  whole  of  the  gneiss  overlying  it  must  be  altered  silurian  or  older  palsdozoic. 
With  regard  to  the  gneiss  in  the  Astor  valley,  I  have  thought  it  possible  that 
some  of  the  lower  portion,  especially  the  porphyritic,  may  really  be  a  less  per- 
fectly crystalline  form  of  the  primitive  gneiss ;  this,  however,  is  only  a  conjecture, 
and  it  may  be  that  all  this  gneiss  is  altered  palasozoic.  On  the  other  hand, 
the  thickness  on  the  Astor  side  is  very  great ;  while  the  silurian  conglomerates 
south  of  the  Borikdn  pass  contain  certain  pebbles  which  are  extremely  like  the 
lower  Astor  rocks. 

Bocks  of  Bondu. — In  Rendu,  to  the  north  of  the  primitive  axis,  the  rocks 
consist  of  numerous  varieties  of  granitic  und  schistose  gneiss,  either  micaceous 
or  homblendic.  The  intrusions  of  granite  are  here  remarkably  numerous,  and 
belong  to  at  least  two  epochs,  the  veins  of  the  earlier  intrusion  being  traversed 
by  those  of  the  later.  The  mica  in  these  granitic  veins  occurs  frequently  in 
crystals  of  very  large  size.  At  the  village  of  Rondu  itself,  we  find  a  dark-coloured 
and  granitic  gneiss  apparently  the  same  as  the  upper  gneiss  of  Astor :  somewhat 
higher  up  the  valley  this  gneiss  is  underlaid  by  schistose,  gneissic,  and  other  mici^ 
oeous  rocks,  alternating  with  several  bands  of  a  pure  white,  highly  crystalline^ 
metamorphic  limestone ;  these  rocks  have  an  inclination  of  about  70^  to  the  north- 
west. Still  higher  up  the  valley,  near  the  bend  of  the  river,  these  schistose 
rocks  are  again  underlaid  by  a  massive  white  granitic  gneiss,  which,  from  its 
position  and  mineral  character,  would  seem  to  be  the  same  as  the  primitive  gneiss 
of  the  Dorikun  pass,  the  overlying  schists  and  limestones  corresponding  to  the 
schists  of  Popdl. 

Central  gneiss, — The  lower  granitic  gneiss  forms  an  anticlinal  axis,  and  is 
overlaid  near  Byicha  by  the  schists  and  limestones  noticed  above ;  the  limestone 
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on  this  Bide,  however,  occnrs  in  a  single  band  some  300  feet  in  thickness,  and 
contains  some  imperfectly  crystalline  beds :  near  Basho  these  rocks  are  overlaid 
by  the  dark  granitic  gneiss  of  Bonda  and  Astor,  a  large  thickness  of  schistose 
rocks  intervening  between  this  and  the  limestones. 

Classification. — The  section  of  the  gneiss  series  in  this  district  may  be  tabn- 
lated  as  follows : — 

>  1.  Dark  ^nif ic  gneiss. 

^^^^*'  ^^  ^^^  ^^^'  \  2-  Schtetose  gneiBB,  mica-scbiBts,  partly  metamorphoBed  skitefl,  and, 

V.         in  IndoB  valley,  crystalline  limestones. 
PsiMiTiTB      ...  ...     8.  Light  granitic  gneiss,  frequently  porphyritic. 

The  presence  of  limestone  ill  the  presumed  sflnrian  series  is  very  noticeable. 
The  nnconformity  supposed  to  exist  between  the  latter  and  the  hypogene  gneiss 
is  entilrely  obliterated ;  the  sections  are,  however,  here  so  clear  that  it  would  be 
quite  possible  to  distinguish  the  two  series  on  the  map,  though  in  other  localities 
this  has  been  found  impracticable. 

Bdsho  rocks. — ^Between  Bisho  and  Katsdra-(Kutzurah)  we  have  alternations  of 
the  higher  sdiistose  and  granitic  gneiss.  In  the  neighbourhood  of  Skardu  there 
occur  some  massive  slaty  and  jaspideous  rocks,  very  like  the  presumed  Silurians 
of  the  ChAng-Chenmo  valley,*  and  which  are  doubtless  the  unaltered  represent- 
atives of  the  higher  gneiss  series  described  above. 

Giieiss  of  Skdrdu  and  Shdtjoh  valley, — In  the  Indus  and  ShAyok  valleys  above 
Sk&rdu,  we  find  alternations  of  granitic  and  schistose  gneiss  with  less  perfectly 
crystalline  rocks,  which,  without  doubt,  contain  representatives  of  both  tbs 
primitive  and  the  Silurian  series.  It,  however,  seems  to  me  to  be  almost  impossible 
to  say  to  which  period  many  of  the  rocks  should  be  referred,  as  several  of  the  higher 
beds  consist  of  white  granitic  gneiss.  Thus,  at  Eliris  on  the  Shdyok,  there  occur 
on  the  left  bank  of  the  river  slaty  roc&s  like  those  to  the  south  of  Skdrdu,  which 
are  almost  certainly  Silurians,  overlaid  by  a  thick  mass  of  white  granitic  gneiss, 
indistinguishable  from  that  of  the  Dorikiin  pass.  Up  the  Sh&yok  valley  I  have 
traced  the  gnessic  rocks  as  far  as  the  north  side  of  the  Chorbat-L&,  whence  they 
are  continuous  witli  those  of  Laddk,  and  consist  mainly  of  granitic  gneiss,  which, 
as  has  been  before  said,  is  probably  in  gfreat  pairt  primitive. 

Intrusive  rocks,  8fo, — On  the  lower  Shdydk  the  gneiss  is  frequeritly  homblendic 
like  that  of  Laddk.  In  this  rock  there  not  uncommonly  occur  veins  of  serpentine, 
and  near  Kiris  bands  of  amethystine  quartz  with  garnets.  Between  Skdrdu  and 
Shigar,  at  Machilu  (Muchiloo),'andat  some  other  poiiits,  the  gneiss  is  porphyritic, 
and  consequently,  from  its  resemblance  to  the  primitive  central  gneiss  in  other 
parts  of  the  Himalaya,  is  inferred  to  be  primitive."  The  metamorphics  of  the 
lower  Shdyok,  and  of  the  Indus  near  Skdrdu,  are  in  many  places  traversed  by 
veins  of  a  dark^-coloured,  finely  crylstalline  and  intrusive  minette,  or  micaceous 
trap,  much  resembling  that  of  Seifersdorf,  in  Saxony.  The  intrusions  of  this 
trap  are  well  exhibited  where  they  traverse  the  white  granitic  gneiss  of  Kunis,  on 
the  Shdyok ;   some   of  these  intrusions  occur,  in  the  form  of  thick,  irregular 

>  Supra,  Vol.  XIII,  p.  83. 

'  See  Griesbacb,  tiupra.  Vol.  XIII,  p.  83. 
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masses,  and  others  in  fine  ramifying  veins.  In  addition  to  the  trap,  there  also 
occur  nnmerons  granitic  intrusions,  the  granite  being  mainly  a  finely  crystalline 
compound  of  quartz  and  felspar.  The  granitic  and  trappean  intrusions  appear 
to  have  taken  place  at  several  periods,  since  the  granite  sometimes  intersects  the 
trap  veins,  and  vice  versd. 

Qneiss  of  Hushi, — From  the  village  of  Machilu  I  made  a  trip  up  the  Hushi 
valley  northwards,  to  the  foot  of  snowy  peak  numbered  Kl.  In  that  valley 
there  occur  alternations  of  granitic  and  schistose  gneiss,  continuing  up  to  tho* 
watershed.  The  lowest  gneiss,  generally  forming  the  higher  ridges  and  peaks, 
is  of  the  primitive  porphyritic  type  of  Dirs.  Beds  of  the  Rondu  metamor- 
phic  limestone  also  occur  among  the  schistose  gneiss  near  Htishi.  The  northern 
extension  of  the  gneiss  beyond  peak  Kl  will  be  treated  of  in  the  sequel.  To  the 
eastward,  the  valley  of  the  Saltero  river  seems  likewise  to  consist  entirely  of 
metamorphic  rocks,  though  I  have  not  visited  the  watershed. 

Garboniferou8  of  Machilu. — Some  rocks  overlying  the  gneiss  at  Machilu, 
at  the  mouth  of  the  Hdshi  stream,  together  with  some  lacustrine  deposits  in  the 
valleys  of  the  Indus  and  Shiyok,  now  demand  a  few  moments'  attention.  In 
the  neighbourhood  of  Machilu,  there  occurs  on  the  right  bank  of  the  Hushi 
stream  a  series  of  rocks,  consisting  of  purple  and  g^reen  slaty  shales,  bluish  white 
limestones,  and  bu£E  sandstones.  The  relations  of  these  rocks  to  the  underlying 
porphyritic  central  gneiss  are  somewhat  obscure,  owing  to  the  amount  of  debris 
concealing  the  junction.  They  have  an  easterly  dip  towards  the  high  clifEs  of 
gneiss  on  the  left  bank ;  and  their  lower  beds  appear  to  pass  downwards  into  a 
greenish  gneiss.  It  appears  probable  that  these  rocks,  including  the  gneiss  at 
their  base,  were  originally  unconformable  to  the  primitive  gneiss,  but  that  their 
pristine  relatione  have  been  subsequently  disturbed  by  faulting.  These  Machilu 
rocks  bear  a  great  resemblance  to  some  of  the  rocks  which  have  been  classed 
as  carboniferous  in  Ladik,  and,  as  will  be  subsequently  shown,  are  the  sanoie  as 
certain  rocks  underlying  the  trias  of  Shigar,  which  are  also  classed  as  carboni- 
ferous. 

Lacustrine  strata. — At  various  points  in  the  valleys  of  the  Indus  and  Shajok, 
in  the  districts  of  Bondu,  Sk&rdu,  and  neighbourhood,  there  occur  extensive 
deposits  of  sand  and  clay  of  lacustrine  origin,  often  rising  to  a  considerable  heig^ht 
above  the  present  level  of  the  rivers.  These  deposits  have  already  been  commented 
upon  by  Mr.  Drew,^  Colonel  Godwin- Austen,^  General  Cunningham, 'and the  late 
Dr.  Thomson.^  At  Kondu  itself,  these  beds,  consisting  of  a  hard,  buff,  and 
banded  clay,  occur  in  small  patches  of  no  great  thickness.  At  the  village  of 
Ku^rdu  (Kuardo),  opposite  Skardu,  they  attain  a  height  of  more  than  a 
thousand  feet  above  the  present  level  of  the  river.  In  a  few  places  near  Sk&rdu 
glacial  morainic  matter  appears  to  overlie  the  lacustrine  strata,  thus  indicating 
the  preglacial  origin  of  the  latter  deposits.     This  inference  is  confirmed  by   the 

t  Loc.  eit.,  p.  864,  "  Qnarterly  Joarnal  Geological  Society,"  Vol.  XXIX,  p.  460. 
'  **  Quarterly  Jonrnal  Geological  Society,"  VoL  XX,  p.  884. 
'  Loo.  oit.,  p.  192. 

*  Ibid.,  p.   220.  Dr.  ThomBOU  was  the  firit  to  note  the  probable  glacial  origin    of    the 
boulders  at  Sk&rdu. 
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very  remarkable  foldings  to  which  the  lacnstriiie  strata  beneath  the  town  of 
Sk^rdn  have  been  subjected,  in  regard  to  which  Mr.  Drew  has  come  to  the 
conclusion  that  they  are  certainly  due  to  the  action  of  ice  in  some  form  or  other ; 
a  view  in  which  I  am  disposed  to  concur.  Colonel  Godwin- Austen,  as  he  has 
informed  me  by  letter,  also  considers  these  strata  to  be  of  preglacial  age,  and 
thinks  that  they  may  not  improbably  belong  to  the  pleistocene  period,  and  roughly 
oorrespond  in  time  to  some  of  the  lacustrine  strata  on  the  south  side  of  the  Kash- 
mir valley.  On  this  view,  it  is  somewhat  difi&cult  to  understand  how  Mr.  Drew^ 
can  consider  that  any  of  these  lacustrine  strata  at  Sldlrdu  have  been  deposited  in  a 
lake  formed  by  a  glacier  damming  the  Indus  at  Katstira,  unless  he  assumes  two 
periods  of  glaciation.  In  my  own  opinion  the  lacustrine  strata  of  Rendu,  from 
their  great  similarity  in  composition,  were  probably  deposited  by  the  same  lake 
is  those  of  Skirdu,  and  of  Kiris  (at  the  junction  of  the  Indus  and  Shiyok), 
where  large  masses  of  similar  strata  also  occur.  The  lacustrine  strata  of  the 
upper  Indus  in  Laddk  are  also  exactly  similar  in  mineraJogical  composition,  and 
I  opine  that  we  must  look  for  some  general  cause  for  the  formation  of  the  chain 
of  lakes,  in  which  I  imagine  these  strata  to  have  been  deposited.  It  may  be  added 
that  General  Cunningham  is  of  opinion  that  the  whole  of  these  strata  were 
deposited  in  a  contemporaneous  chain  of  lakes,  and  he  has  published  a  plan 
illustrating  the  connection  and  extent  of  the  upper  series  of  these  lakes.*  If  these 
lacustrine  strata  are  at  all  contemporaneous  with  those  of  Kashmir,  we  must, 
I  think,  certainly  come  to  the  conclusion  that  some  con:imon  cause  was  concern* 
ed  in  the  production  of  the  pleistocene  lakes  in  which  they  were  deposited.  The 
lacustrine  strata  of  Ladak  are  probably  of  preglacial  age. 

Oiher  IcLcustrine  strata,  and  glaciation.-^ At  Htishi,  to  the  north  of  Machilu 
there  occurs  a  mass  of  lacustrine  strata  more  than  100  feet  in  thickness :  other 
masses  also  occur  in  the  Brdldu  (Braldoh)  valley,  to  which  I  shall  have  occasion  to 
refer  subsequently  ;  all  these  strata  are  probably,  and  some  certainly,  newer  than 
those  of  the  Indus  valley.  I  shall  not  here  refer  further  to  the  evidence  of 
former  glaciation  in  Sk^rdu  and  the  surrounding  country,  as  I  have  reserved 
such  phenomena  for  discussion  in  a  subsequent  section  of  this  paper. 

Shigar. — It  now  remains  to  bring  under  consideration  the  rocks  on  the  Shigar 
river,*  and  of  its  tributaries,  the  Brdldu  and  Basha  rivers. — On  the  left  bank  of 
the  Shigar,  no  great  distance  above  its  mouth,  and  to  the  north  of  the  town  of 
the  same  name,  there  occur  certain  sedimentary  rocks,  extending  into  northern 
Baltistin,  locally  unaltered  and  fossiliferous,  but  in  most  places  totally  unfossili- 
ferous,  and  frequently  having  been  so  altered  by  metamorphic  action,  that  it  is 
in  many  cases  a  matter  of  extreme  difficulty  to  distinguish  them  from  the  older 
metamorphic  rocks. 

*  "  Jommoo  and  Kashmir,"  p.  378. 

*  Zoe.  eit,  p.  136. 

'  It  may  be  well  to  mention  that  there  are  two  rivers  called  Shigar  in  the  country  of  which 
we  have  to  treaty— one  in  Baltist^n,  passing  by  the  town  of  the  SHnie  name,  and  another  draining 
the  greater  part  of  Deosai,  and  uniting  with  the  Shingo  river,  to  flow  into  the  Drds  river.  The 
name  of  the  one  flowing  by  the  town  of  Shiear  is  not  given  on  the  accompanying  map :  the  name 
i>  applied  from  the  point  of  union  of  the  B^ha  and  BHUdu  rivers  to  the  junction  of  the  united 
rivers  with  the  Indus. 
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Previoua  notice, — These  rocks  of  Sbigar  were  first  geologicallj  examined  by 
Lieutenant-Colonel  (then  Captain)  Oodinn-Ansten,'  who  obtained  from  them, 
as  he  has  informed  me  by  letter,  in  the  ravine  leading  from  Sbigar  to  the  north- 
east near  Abas-ltimba,  in  a  block  fallen  from  the  cliffs  above,  some  bad  speci- 
mens of  a  species  of  Rhynehonella,  and  from  the  Skora-L£,  on  the  road  to  As- 
koli  (Askoley),  nnmerons  crinoid  stems.  Colonel  Ansten  was,  I  believe,  inclined 
to  class  all  these  sedimentary  rocks  a«  carboniferous.  I  shall,  however,  show 
that  the  higher  beds  are  certainly  of  triassic  age. 

Sections. — ^It  appears  to  me  that  the  general  relations  of  the  rocks  in  ques- 
tion will  be  most  readily  explained  to  the  reader  by  describing  several  transverse 
sections  taken  through  them.  It  must  be  premised  that  the  rocks  on  the  right 
bank  of  the  Shigar  river  are  composed  of  gneiss,  which  is,  I  think,  mostly  of 
the  older  type,  and  that  porphyritio  gneiss,  which  I  also  consider  to  belong  to 
the  central  gneiss,  is  found  to  the  north  and  east  of  Shigar.  At  Shigar  itself, 
as  will  be  shown  immediately,  there  occurs  a  considerable  thickness  of  the  newer 
gneiss  of  Bondu.  It  must  also  be  observed  that  near  Shigar  the  unaltered  rocks 
have  a  north-easterly  strike  which  swings  round  to  the  north-west  above  the 
town. 

Dalturnhar  Section, — The  first  section  I  have  to  bring  to  notice  is  taken  down 

the  Daltumbar  tributary  ravine,  running  in  a  north-easterly  direction  from  the 
village  of  Hashupa.  The  rocks  exposed  in  this  ravine,  starting  from  a  distance 
of  about  five  miles  from  its  mouth,  consist  of  a  series  of  regularly  stratified  beds, 
having  a  low  north-westerly  dip,  and  forming  a  descending  series  to  the  mouth 
of  the  ravine.  The  exposed  section  may  be  tabulated  as  follows,  from  above 
downwards,  the  estimated  thickness  being  only  a  very  rough  approximation  to 
the  truth : — 

1.  Brown,  black,   bine   nnd  g^een,  slinljr  slates,  with  occasional  dolo-  Ft. 

mitic  limestones  ...  ...  ...  ...  ...        1,500 

2.  Blae  and  white  mottled  limestonet     ...  ...  ...  ...  400 

8.  Bliick  slates,  with  crystals  of  pjrite  ...  ...  ...  ...  500 

4.  Variously  coloured  shales,  and  partly  metamorphic  limestones,  with 

fibrous  gypsum   ...  ...  ...  ..  ...  ...  SOO 

5.  Flaggy  gneiss,  with  blue  and  white,  partly  metamorphosed,  limestone, 

in  lenticular  masses  ...  ...  ...  ...  ...  800 

6.  Black  shales  ...  ...  ...  ...  ...  ...  200 

7.  White  and  blue  dolomitic  limestone  and  dolomite,  with  ferruginous 

bands,  weathering  red        ...  ...  ...  »..  ...        1,000 

8>  Green  shales  ..t  ...  ...  ...  •••  •*•  « 

In  this  section  there  appears  to  be  no  question  of  the  serial  conformity  of  the 
whole  of  the  beds  named,  the  gneiss  being  regularly  interstratified  with,  and 

1  It  is  extremely  unfortunate  that  when  Colonel  Godwin- Austen's  carboniferous  fossils 
from  the  Himalaya  were  sent  home  to  Mr.  T,  Davidson  for  determination,  the  labels  had  become 
confused.  In  consequence  of  this  confusion  fossils  from  the  carboniferous  of  Kashmir  were  said 
to  have  come  from  t^higar,  and  are  thus  noticed  in  the  Journnl  of  the  Geological  Society 
(Vols.  XX,  p.  887,  XXII,  p.  89).  This  error  is  noted  on  the  page  of  errata  facing  page  85  of  the 
iMst  qnoted  volume.  The  reftl  Shigar  fossils  sent  home  by  Colonel  Austen  are  not  referred  in  to 
Mr.  Diividson's  papers. 
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passing  by  imperceptible  degrees  into,  the  unaltered  beds  ipunediatelj  above  and 
belo^.  The  dolomites  and  limestones  marked  No.  7,  I  have  no  hesitation, 
from  their  identity  in  mineralogical  composition,  and  from  their  general  appear- 
ance, in  correlating  with  the  trias  of  the  Ching.Ghenmo  valley,  in  Ladak.  ^  All 
the  overlying  beds  must  consequently  be  not  older  than  the  trias,  and  since  many 
of  them  are  very  similar  to  rocks  which  are  at  present  classed  with  the  trias  in 
Ladik,  in  the  aTisence  of  any  palsBontological  evidence,  I  provisionally  class 
the  whole  of  these  rocks  with  the  trias. 

Skam^Ld  Section. — 1  now  proceed  to  notice  a  second  section  taken  from  some 
distance  south  of  the  Skoru-L4  (between  Shigar  and  Askoli)  down  the  ravine 
leading  to  the  village  of  Khuti.  In  this  section  the  rocks  present  a  north- 
easterly strike,  with  a  north-westerly  dip,  the  strike  sweeping  round  at  the 
mouth  of  the  ravine  to  become  continuous  with  that  of  the  rocks  last  men- 
tioned. At  the  commencement  of  this  section  there  occur  the  rocks  numbered 
1  to  5  in  the  preceding  section,  with  much  the  same  general  composition  and 
character.  Below  the  gneiss  band  (No.  5),  we  find  a  thick  mass  of  limestones 
and  dolomites,  which  I  presume  to  correspond  with  those  marked  7  in  the  first 
section  (the  band  No.  6  not  being  recognisable),  though  here  the  limestones  are 
more  inclined  to  be  mottled,  and  the  two,  as  will  be  noticed  below,  cannot  be 
traced  continuously.  These  limestones  locally  contain  bands  crowded  with  the 
stems  of  crinoids,  as  was  observed  by  Colonel  Godwin- Austen.'  This  band  of 
limestone  is  underlaid  by  a  thick  series  of  black  and  green  shaly  slates,  or  slaiy 
shales,  often  carbonaceous  or  gypseous,  and  in  the  latter  case  very  soft  and 
friable.  Some  of  these  slaty  rocks  near  the  snowy-peak  marked  on  the  atlas  sheet 
20,635  contain  bands  of  a  greenish-yellow  serpentine.'  Occasional  cherty  and 
calcareous  bands  occur  in  this  series,  and  in  some  of  the  shales  a  very  remarkable 
marbled  conglomeration  of  bright  coloured  rocks.  In  the  lower  part  of  the  Skoru 
ravine  the  rocks  consist  entirely  of  a  hard  greenish  slate,  gradually  passing 
downwards  into  a  thin  band  of  greenish  gneiss.  Beneath  this  gneiss  we  find 
to  the  eastward  of  the  village  of  Elhtiti,  the  following  section,  in  descending 
order,  viz, : — 

It. 

1.  Ghmnitic  gneiBS  ...  ...  ...  ...  ..•  •.•       150 

2.  Little  altered  bine  limestones  and  brown  sandstones,  greatly  hardened 

and  contorted  ...  ...  ...  ••.  **.  •••        600 

8.  Alternations  of  white  metamorpbic  limestone  with  dark  sebistose  gneiss    1,000 
4.  Massive  gneiss  ...  ...  •••  •••  •••  •••        « 

>  Bupra,  Vol.  XllI,  p.  84. 

*  It  maj  be  noted  that  crinoidal  limestones  are  extremely  abundant  in  the  rbsstic  (here 
classed  with  the  trias)  of  the  more  easterly  Himalaya^  as  recorded  by  Mr.  Griesbach  {Supra,  Vol.  XllI, 
pp.  86-97). 

*  A  specimen  of  this  rock  was  presented  by  Major  J.  Kddnlph  to  the  Indian  Museum  (vide 
Supra,  Vol.  XIII,  p.  74) ;  at  Shigar  small  cups  and  vases  are  manufactured  from  this  serpentine, 
and  are  said  to  split  if  poison  be  poured  into  them.  In  the  above  quoted  notice  of  Major 
lUddulph's  specimen,  Shigar  is  referred  to  Lad&k,  instead  of  to  Baltistin. 
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Connection  of  sections. — ^In  passing  from  Hdsliapa,  at  the  month  of  the  Dal- 
tumbar  ravine,  round  the  spnr  to  the  month  of  the  Skora  ravine,  we  find  that 
the  limestones  and  dolomites  (No.  7),  so  strongly  represented  at  the  former  spot, 
do  not  continue  to  join  the  limestones  of  the  latter,  but  come  to  an  end  veiy 
abruptly,  dark  slates  and  shales  occurring  on  their  line  of  strike.  I  can  only 
explain  this  fact  by  assuming  the  existence  of  a  fault  throwing  up  the  lower 
shales  and  slates,  and  thus  cutting  off  the  limestones. 

In  the  ravine  running  north-east  from  Shigar,  the  infra-triassic  shale  series, 
at  some  distance  from  its  mouth,  in  place  of  resting  upon  alternations  of  meta- 
morphic  limestone  and  schistose  gneiss,  and  having  its  lower  beds  altered  into 
a  g^reenish  gneiss,  rests  upon  a  massive  granitic  gneiss,  thus  probably  indicating 
unconformity.  Still  higher  up  the  ravine  the  whole  of  the  infra-triassic  series 
seems  to  pass  into  gneiss,  as  will  be  more  fully  noticed  in  the  sequel. 

Hashupa  to  Sildi, — To  the  north-west  of  Hashupa  we  find  the  gneiss  over- 
lying the  limestones  and  dolomites  gradually  increasing  in  thickness,  so  that  at 
some  distance  above  that  place  none  of  the  limestone  is  exposed,  the  gneiss  coming 
down  to  the  base  of  the  section.  At  Sildi,  however,  the  gneiss  is  again  underlaid 
by  the  dolomitic  limestones  of  Hashupa.  Above  Sildi,  the  relations  of  the  strata 
are  somewhat  obscure  :  at  this  point  there  occurs  a  gneiss,  to  which  I  shall  have 
to  refer  again,  which  elsewhere  underlies  the  trias  dolomites,  but  I  am  by  no 
means  certain  that  the  original  relations  of  the  rocks  have  not  been  disturbed  by 
faulting.  If  the  relations  are  normal  the  trias  must  here  form  a  synclinal,  and 
the  gneiss  underlie  it,  as  we  shall  see  to  be  the  case  when  we  come  to  the  con- 
sideration of  the  Askoli  section. 

Age  of  strata. — It  now  remains  to  consider  what  approximation,  in  the  absence 
of  any  conclusive  palsBontological  evidence,  can  be  made  to  the  geological  age 
of  the  strata  under  consideration.  It  is  apparent^  as  already  observed,  that  the 
Hashupa  dolomites  and  limestones  are  not  older  than  the  trias.  Consequently  tlie 
underlying  shales  near  Shigar  are  almost  certainly  either  lower  trias  or  carboni- 
ferous. From  the  above  quoted  section  given  by  Mr.  Griesbach,  it  appears  that 
crinoidal  limestones  in  the  more  eastern  Himalaya  are  characteristic  of  the 
rhsBtic,  and  not  of  the  trias  proper.  If  this  distribution  hold  good  here,  nve 
should  infer  that  the  Hashupa  limestone  must  be  the  representative  of  the 
rhsetic,  and  that  consequently  the  Shigar  rocks  must  be  trias.  In  Europe, 
however,  as  is  well  known,  the  middle  trias  (muschelkalk)  is  one  of  the  great 
horizons  of  crinoidal  limestones  {Encrinus  liliformis)^  and  I,  therefore,  do  not 
consider  the  occurrence  of  these  fossils  as  of  any  value  in  fixing  horizons.  In 
Laddk,  on  the  other  hand,  I  have  come  to  the  conclusion  that  the  shaly  rocks 
at  the  base  of  the  great  triassic  limestone  series  are  the  representatives  of  the 
carboniferous ;  and,  as  will  be  subsequently  shown,  in  Wardwan  and  KAshmir 
the  fossiliferous  carboniferous  rocks  occur  at  the  base  of  the  same  great  triassic 
limestone  series,  and  consist  in  great  part  of  shaly  and  slaty  rocks.  The  trias, 
on  the  other  hand,  always  contains  more  or  less  of  dolomites  and  limestones.  The 
balance  of  evidence,  therefore,  inclines  to  the  view  of  regarding  the  shaly  and  slaty- 
rocks  of  Shigar  as  of  carboniferous  age  ;  and  in  the  sequel  they  will  accordingly 
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be  referred  to  as  such,  always  with  the  proviso  that,  in  tbe  absence  of  paJceontological 
evidence,  the  determination  cannot  be  entirely  free  from  doabt.  ^ 

Age  of  fftieiss  rocks, — ^Witb  regard  to  the  beds  of  green  gneiss  underlying  the 
carboniferous  shales  in  the  Skom  ravine,  it  seems  probable  that  these  beds  have 
been  altered  out  of  the  lower  shales,  as  similar  beds  are  found  underlying  the 
carboniferous  of  Machilu,  and  to  the  north-east  of  Shigar,  the  shales  appear 
to  rest  directly  on  the  older  gneiss.  The  lower  gneiss  between  Shigar  and 
Skoru,  containing  the  white  metamorphic  limestone,  and  the  higher  contorted 
blue  limestones  and  sandstones,  clearly  belongs  to  the  gneiss  series  of  Bondu, 
aad,  as  I  have  already  said,  seems  to  be  unconformable  to  the  carboniferous, 
though  both  series  dip  in  the  same  direction,  with  some  little  difEerence  in  the 
direction  of  the  strike :  subsequent  metamorphic  action  has  obliterated  this 
presumed  unconformity.  The  lower  gneiss  seems  indeed  to  have  been  largely 
denuded,  since  at  Bondu  the  metamorphic  limestones  is  overlaid  by  a  great  thick- 
ness of  schistose  and  granitiform  rocks,  which  could  not  possibly,  I  think,  be  the 
altered  equivalents  of  the  carboniferous  and  triassic  rocks  of  Shigar.  This 
view  is  rendered  almost  certain  by  the  Machilu  carboniferous  rocks  being  in  direct 
relation  with  the  porphyritic  central-gneiss  ;  and  by  the  same  rocks  to  the  north- 
east of  Shigar  apparently  resting  on  gneiss  which  is  below  the  horizon  of  the  Bondu 
metamorphic  limestone.  It  is,  however,  somewhat  noteworthy  that  some  of  the 
thin  bands  of  metamorphic  limestone  in  the  triassic  gneiss  are  absolutely  indis- 
tinguishable from  the  presumably  lower  silurian  limestones  of  Bondu.  Limestones, 
however,  of  any  age,  if  submitted  to  metamorphic  action,  would  necessarily  assume 
much  the  same  appearance.  If  the  above  view  as  to  the  relations  of  the  rocks  be 
accepted,  it  will  be  apparent  that  on  this  side  of  the  great  range  of  mountaans 
separating  the  Indus  from  K^hmir,  there  must  have  been  a  break  in  deposition 
in  some  part  of  the  silurian,  the  upper  rocks  must  have  been  denuded^  and  the 
carboniferous  thrown  down  upon  the  lower. 

Altemaiive  view, — The  only  other  view  of  the  relation  of  these  rocks  that 
occurs  to  me  is  that  the  whole  series  at  Shigar  is  conformable.  On  this  view 
the  schists  and  other  gneiss  above  the  metamorphic  limestone  at  Bondu  would 
correspond  to  the  carboniferous  and  trias.  Against  this  view  there  are  the 
above-mentioned  relations  of  the  Shigar  and  Machilu  carboniferous  to  the  sub- 
jacent gneiss,  already  referred  to,  and  which  appear  to  bo  insurmountable 
difficulties.  Again,  the  upper  Bondu  series,  as  before  said,  is  so  utterly  unlike 
the  trias,  that  I  cannot  think  it  could  possibly  be  the  same.  As  a  thinl  objec- 
tion, assuming  that  the  lowest  gneiss  in  the  Bondu  section,  is  the  "  central  " 
gneiss,  there  would  not  be  sufficient  thickness  of  rock  between  this  and  the 
highest  gneiss  of  Bondu  for  the  whole  thickness  of  rooks  from  the  central  gneiss 
to  the  trias.  A  fourth  objection  is,  that  since  the  Bondu  gneiss  is  apparently 
the  same  as  the  Astor  gneiss,  and  since  in  the  latter  there  is  no  limestone  at  all, 
while  a  little  to  the  south  (in  the  Kishanganga  valley),  the  trias  consists 
almost  entirely  of  calcareous  rocks,  it  appears  totally  impossible  that  any  of  the 

*  Further  remarks  on  tbe  reUtion  of  the  trias  and  carboniferoDs  will  be    found  io  the 
coDclnding  lection  of  this  paper. 
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Astor  rocks  can  be  trias.     I,   therefore,  cannot    but    accept    the    preyionsly 
explained  view. 

Similarity  of  trias  over  wide  areas, — Accepting  the  view  propounded  above, 
a  noteworthy  fact  presents  itself,  which  may  be  worth  a  few  moments'  attention, 
in  the  similarity  of  the  trias  in  mineralogical  characters  on  the  two  sides  of 
tlie  great  gneissic  axis  of  Baltist£n  and  Ladak,  as  exemplified  in  theKishanganga 
and  Dras  valleys  on  the  south  side,  and  at  Shigar  and  Ching-Chenmo  on 
the  north.  At  Shigar,  however,  the  limestones  and  dolomites  are  in  much 
smaller  proportion  relatively  to  the  other  rocks  than  in  the  other  localities. 
This  persistence  of  mineralogical  character  would  seem  to  indicate  the  original 
local  union  of  the  present  triassic  areas. 

Upper  Shigar  and  Brdldu, — I  now  propose  to  continue  our  survey  up  the 
Shigar  and  Brdldu  rivers  from  the  point  where  we  left  it  at  Sildi.  To  the  north 
of  that  village  the  metamorphic  rocks,  traversed  by  granitic  veins,  are  extremely 
variable  in  mineralogical  composition  and  structure ;  they  may  consist  either  of 
light-coloured  schistose  gneiss,  mica-schist,  garnet-schist,  or  locally  of  kyanite- 
schist.  I  have  already  remarked  on  the  probable  relations  of  these  rocks  to  the 
trias  of  Sildi.  The  same  gneissic  rocks  continue  through  parts  of  Bdsha  and 
Brdldu  as  far  as  a  little  south-east  of  Askoli,  in  a  kind  of  horse-shoe  form,  as 
will  be  seen  from  the  map.  ^  The  gneiss  which  occurs  among  them  is  very 
generally  light-coloured,  distinctly  foliated,  very  seldom  granitic,  and  never 
porphyritio.  In  many  parts  of  the  area  in  question  the  sequence  of  the  rocks 
is  not  clearly  exhibited,  but  on  the  upper  Braldu  river  a  very  unmistakable 
section  presents  itself.  In  this  region  from  a  short  distance  to  the  westward  of 
Hoto  to  some  little  distance  to  the  eastward  of  Askoli,  we  find  a  regularly 
ascending  series  of  these  same  metamorphic  rocks,  with  a  few  folds,  but  generally 
having  an  easterly  dip  averaging  45".  One  or  two  thin  bands  of  limestone 
occur  among  the  schistose  rocks.  At  Askoli  the  hard  white  and  foliated  gneiss  is 
crowded  with  blood-red  garnets,  and  a  short  distance  to  the  eastward  of  that 
place  there  occur  some  crumbly  kyanite-schists. 

Brdldu  trias, — About  three  miles  to  the  eastward  of  Askoli  the  gneiss  is 
conformably  overlaid  by  undoubtedly  triassic  rocks,  presenting  the  following 
section,  the  passage  from  the  underlying  gneiss  to  the  trias  being  an  impercepti- 
ble one.  The  section  shows  at  first  thin  beds  of  limestone  and  gneiss ;  gradually 
the  limestones  and  dolomites  increase  in  thickness,  until  near  the  halting  place 
Kurophon  these  calcareous  rocks  are  at  least  1,500  feet  in  thickness :  this  thickness 
is,  however,  merely  local,  and  the  beds  thin  out  rapidly  on  either  side.  Many  of 
the  limestones  and  dolomites  have  been  but  slightly  affected  by  metamorphic 
action  while  others  have  been  converted  into  a  highly  crystalline  rock :  some  of  the 
lower  beds  at  Kurophon  contain  in  considerable  abundance  long  and  transparent 
green  or  blackish  prisms  of  actinolite.  In  the  Palma  and  Baltaro  valleys  thin- 
bedded,  and  highly  metamorphic  limestones  alternate  with  foliated  and  frequently 
garnetiferous  gneiss,  the  whole  series  showing  signs  of  having  been  greatly  dis- 
turbed, and  being  interpenetrated  by  numerous  granitic  intrusions  in  which 
hornblende  is  generally  predominant. 

>  These  rocks  are  oolonred  parple. 
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Older  rocks, — The  aboye-meiitioned  rocks  continue  up  to  the  present  termi- 
nations of  the  Baltaro  and  Palma  glaciers,  near  which  points  we  come  upon  a 
massive,  light-coloured,  and  frequently  porphyritic  gneiss,  indistinguishahle  from 
granite.  This  gneiss,  which  I  have  traced  to  the  extremity  of  the  Palma 
glacier  and  into  the  neighbourhood  of  the  MustiLg  pass,  appears  to  be  the  con. 
stituent  rock  of  the  whole  range  of  gigantic  mountains  bounding  the  drainage 
area  of  the  upper  Brdldu  river,  and  doubtless  extends  across  the  watershed  into 
Yarkand  territory  and  to  the  north-west  above  Htinza  and  Nagar.^  It  agrees  in 
composition  with  the  lower  gneiss  in  the  Astor  and  Bondu  districts,  which  I 
have  considered  as  the  equivalent  of  the  primitive  or  '^ central"  gneiss  of 
Dr.  Stoliczka,  with  some  of  the  gneiss  of  Lad4k,  and  apparently  with  the  central 
gneiss  of  Htindes.  It  is  quite  distinct  in  character  from  the  gneiss  to  the  west 
of  Askoli ;  and  is  doubtless  of  the  oldest  type. 

Melationship  of  gneissic  rocks, — In  the  region  under  consideration  it  is  a  matter 
of  extreme  difficulty  to  determine  the  precise  relationship  of  the  gneiss  in 
immediate  connection  with  the  trias  to  the  primitive  gneiss  of  the  Must^g 
range.  Near  the  Palmd  glacier  the  former  rocks  are  seen  dipping  at  a  very  high 
angle  towards  the  granitic  gneiss,  but  this  cannot  be  the  original  relations  of  the 
two  rocks.  The  foliated  gneiss  to  the  eastward  of  the  undoubtedly  triassic 
band  very  closely  resembles  the  gneiss  of  Askoli,  and  I,  therefore,  think  it 
probable  that  a  concealed  synclinal  axis  must  exist  somewhere  in  the  trias,  with 
inversion  of  the  newer  near  the  primitive  gneiss. 

North-westerly  eostension  of  trias. — To  the  north-w^st  of  Askoli  I  have  traced 
the  trias  and  its  associated  gneiss  along  the  south-western  side  of  the  Biafo 
glacier  as  far  as  the  Alchoric  glacier :  to  the  east  of  Askoli  these  rocks  sweep 
round  to  join  the  trias  of  Sildi. 

Bdsha, — The  Basha  valley  appears  to  consist  in  great  part  of  gneiss,  though 
there  are  some  triassic  rocks.  At  the  hot  springs  of  Chutran  (Tsutron,  Tsuh- 
Tron)  there  occurs  a  mass  of  dolomitic  limestone,  first  noticed  by  Mr.  Vigne," 
overlying  stratified  gneiss.  This  limestone  is  triassic,  and  it  appears  that  the 
underlying  gneiss  is  faulted  against  the  older  gneiss  to  the  north.  It  is  not 
improbable  that  much  more  of  the  gneiss  between  this  point  and  the  bend  of  the 
Bdddu  river  at  Dassu  is  related  to  the  triassic  series,  but  as  this  point 
could  not  be  determined  with  any  approach  to  certainty,  all  the  rest  of  the 
gneiss  is  coloured  in  with  the  great  mass.  The  trias  in  upper  B^ha  is  alluded  to 
in  the  last  paragraph.  It  appears  that  the  whole  of  the  rest  of  the  valley 
consists  of  gneissic  rocks. 

Undetermined  rocks  in  Braldu, — In  the  Braldu  valley  to  the  north-west  of  the 
village  of  Hoto  there  occur,  certain  rocks  consisting  of  crumbly,  bright-coloured, 
and  carbonaceous  shales,  with  some  yellow  calcareous  sandstones,  apparently 
faulted  down  between  the  gneiss  cliffs  forming  the  two  sides  of  the  valley. 
These  rocks  present  a  considerable  resemblance  to  some  of  the  carboniferous 
rocks  of  Shigar,  but  from  the  metamorphosed  condition  of  the  rocks  immediately 

<  Thifl  range  of  tninB-Iiidas  monutains  is  usQally  termed  the  Mnstl^  range. 
«  Loe.  eit,.  Vol.  II,  p.  273. 
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below  the  trias  in  this  region  it  seems  improbable  that  the  rocks  in  question  can 
be  the  representatives  of  the  carboniferous.  These  rocks  are  not  unlike  some 
of  the  tertiaries  of  the  Indus  valley  in  Ladfik :  at  present,  however,  1  can  give 
no  certain  opinion  as  to  their  geological  age. 

AgB  of  infra-trtassic  rocAw.— With  regard  to  the  geological  age  of  the  gneissic 
rocks  underlying  the  trias  in  Braldu,  it  seenis  certain  that  at  least  a  moiety 
of  this  series  must  be  the  representative  of  the  carboniferous  of  Shigar,  and 
indeed,  as  noted  above,  it  appears  that  to  the  south-east  of  Askoli  these  rocks 
gradually  pass  horizontally  into  the  Shigar  shales,  though  from  the  nature  of 
the  ground,  and  the  quantity  of  debris  covering  the  rocks,  the  section  is  not 
clear.  In  western  Br&ldu  I  am  by  no  means  certain  how  much  of  the 
underlying  gneiss  is  conformable  to  the  trias,  though  a  considerable  thickness 
of  it  is  undoubtedly  so ;  there  are,  however,  some  signs  of  unconformity  north  of 
Foljo,  where  the  highly-foliated  infra-triassic  gneiss  rests  upon  a  more  massive 
and  granitoid  gneiss,  which,  however,  is  not  the  primitive  gneiss  of  the  Mnstag 
range.  From  the  dissimilarity  of  the  gneiss  on  the  eastern  and  western  sides  of 
the  Brilldu  trias  and  infra-trias,  and  from  the  fact  of  the  gneiss  on  the  east  being 
presumably  primitive,  there  must  be  unconformity  on  the  eastern  side,  and, 
therefore,  there  is  a  strong  presumption  of  there  being  also  an  unconformity  on 
the  western  side,  as  it  would  be  improbable  that  in  adjacent  areas  there  should 
be  continuous  deposition  in  one  place,  and  a  break  in  the  other.  If  this  view  be 
correct,  and  it  accords  with  the  view  taken  of  the  Shigar  section,  it  is  probable 
that  in  western  Brsldu  the  upper  silurians  have  been  denuded,  .and  the  trias  and 
associated  rocks  deposited  on  the  lower  silurians,  corresponding  to  the  infra- 
carboniferous  of  Shigar ;  in  eastern  Br^ldu,  on  the  other  hand,  the  same  rocks 
have  been  deposited  on  the  older  central  gneiss. 

Second  hypothesis, — It  is,  however,  quite  within  the  bounds  of  possibility  that 
in  eastern  Brdldu  the  lower  silurians  were  never  deposited,  but  that  the  Mustag 
gneiss  existed  as  land  until  the  trias,  with  its  associated  rocks,  was  thrown  down 
upon  it  In  this  case  there  would  be  no  evidence  for  unconformity  in  western 
Br&ldu,  and  the  whole  series  might  consequently  be  in  conformable  sequence. 
The  Shigar  section,  as  I  have  interpreted  it,  is,  however,  somewhat  against  this 
view,  but  still  the  two  hypotheses  are  not  totally  incompatible  with  each  other. 
I  may  add  that,  in  view  of  this  uncertainty,  only  the  gneiss  which  is  clearly  in 
immediate  connection  with  the  trias  has  been  coloured  of  a  separate  colour  in  the 
map,  the  whole  of  the  rest  being  coloured  red :  it  may  also  be  observed  that  the 
inferior  boundary  of  the  trias  is  only  an  arbitrary  one. 

Fault  on  Shigar  river. — If  the  reader  has  clearly  followed  the  above  remarks, 
it  will,  I  think,  be  apparent  to  him  that  we  must  assume  the  existence  of  a 
great  fault  along  the  line  of  the  lower  part  of  the  Shigar  river. 

Section  from  SMrdu  to  Dr<J«.— Having  now  passed  in  review  the  main  facts 
in  connection  with  the  trans- Indus  rocks  of  Baltistan,  it  is  necessary  to  retrace 
our  steps  to  Skardu,  and  from  thence  take  a  survey  of  the  cis-Indus  rocks.  Pro- 
ceeding southwards  from  Skardu  up  the  Burgi  ravine,  we  come  at  first  upon  black 
and  green  slates  intermingled  with  the  greenish  trappoid  rock  of  Dr£s,  referred 
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10  so  frequently  in  my  earlier  papers.  Still  higher  np  the  valley  there  occnrs  an 
ellipsoid  of  the  Shigar  shales,  showing  some  signs  of  unconformity  to  the  lower 
rocks.  In  the  underlying  slaty  rocks  which  recur  to  the  southward  of  this  band, 
I  noticed  a  few  lenticular  masses*  of  pale  limestones  yery  much  resembling  some 
of  the  triassic  limestones.  The  rocks  underlying  the  carboniferous  are,  doubtlessy 
some  portion  of  the  silurian  series,  and  from  their  relations  to  the  gneiss  of 
Deosai  (Deotsti),  which  I  take  to  be  mainly  primitive,  they  would  appear  to  be 
the  lower  part  of  the  series,  on  which  view  the  carboniferous  must  be  unconform* 
able.  From  the  occurrence  of  limestones  in  these  Silurians,  I  am  inclined  to 
consider  them  as  the  unaltered  representatives  of  the  gneissoid  rocks  of  Bondu 
and  Shigar,  which  I  have  provisionally  referred  to  the  lower  silurian.  These 
Silurians  of  Skdrdu  are  also,  doubtless,  represented  by  some  of  the  metamorphic 
rocks  to  the  eastward  in  the  Indus  valley,  but,  as  noticed  above,  I  was  there 
unable  to  distinguish  them  satisfactorily  from  the  older  gneiss. 

Deosai, — To  the  south  of  the  Bdrgi  (Boorgi)  L£,  these  silurian  rocks  are 
underlaid  by  a  light-coloured,  and  frequently  porphyritic,  gneiss.  The  plains  of 
Deosai  are  composed  of  a  foundation  of  this  granitic  gneiss,  ^  overlaid  here  and 
there  by  small  patches  of  silurian  rocks*  :  the  latter  rocks  consist  of  slates,  trap- 
poids  and  conglomerates  ;  the  conglomerate  appearing  to  correspond  to  that  of  the 
PIr  Panj41  range  on  the  southern  side  of  K^hmfr,  and  containing  pebbles  of  the 
subjacent  gneiss.  The  junction  between  the  silurians  and  the  gneiss  on  Deosai 
is  quite  a  sudden  one,  confirming  the  existence  of  unconformity  between  the  two 
series,  as  indicated  by  the  gneiss  pebbles  in  the  silurian  conglomerate. 

Skingo  river, — On  the  Shingo  river,  draining  the  southern  side  of  the  Deosai 
plains,  we  have  mainly  white  g^nitic,  and  porphyritic  gneiss,  overlaid  to  the 
south  by  the  trappoids,  slates,  and  conglomerates  of  Dr^^ :  to  the  north  of  the 
gneissic  rocks  there  occurs  a  band  of  the  same  slaty  rocks,  which  are  conti. 
nued  to  the  south-east,  and  as  they  approach  the  valley  of  the  Drlis  river,  become 
partially  matamorphosed,  and  gradually  pass  into  the  homblendic  rocks  of 
Tashgdm,  described  in  the  paper  quoted  above;  the  unaltered  condition  of 
these  Taahg&m  rocks  on  the  Shingo  river  proves  the  correctness  of  the  view  pre- 
viously expressed,  that  these  rocks  are  in  great  part  the  altered  equivalents  of  the 
DHb  rocks.  The  gneiss  of  the  Shingo  river  is  continuous  with  the  granitic  gneiss 
to  the  north  of  DHLs,  which  has  already  been  described  in  previous  papers,  and 
considered  as  the  equivalent  of  the  central  gneiss  of  Dr.  StoHczka. 

Relaiions  of  gneiss  to  overlying  rocks, — On  the  Shingo  river,  and  in  the 
neighbourhood  of  Drfifc  the  junction  between  the  unaltered  silurians  and  the  sub- 
jacent gneiss  is  indistinct  and  gradual,  the  original  unconformity  whose  existence 
is  proved  by  the  gneiss  pebbles  in  the  silurian  conglomerate,  having  become  obli- 

*  In  a  previoos  pape^  {Supra,  Vol.  XIII,  p.  28)  it  was  stated,  on  the  authority  of  General 
Canningham,  that  Deosai  consisted  entirely  of  this  granitic  gneiss,  no  mention  being  made  by 
that  writer  of  the  unaltered  rocks.  Mr.  Vigne  {loc.  ciL,  Vol.  [.  p.  275),  in  the  sketch  map 
accompanying  his  geological  notes  on  K^hmfr,  notices  that  the  peaks  around  Deosai  consist  of 
gnnite,  which  he  clearly  distingniahes  from  the  schistose  gneiss  of  Astor. 

»  The  distribution  of  these  rocks  is  only  very  approximately  represented  on  the  map  accom- 
panying this  paper. 

»  For  the  rocks  of  Driis  see  above,  Vol.   XIII,  p.  2^ 
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terated  by  the  subsequent  partial  metamorpbiflin  of  the  lower  siluriazifl.  The 
Deosai  section  very  strongly  confirms  the  views  previously  expressed,  that  all  the 
lower  granitic  or  porphyritic  gneiss  of  the  region  surveyed  is  primitive  and 
unconformable  to  the  silurians,  but  that  the  subsequent  metamorphism  of  the 
latter  has,  in  many  instances,  been  so  exteuEive  as  to  render  it  impossible  to  dis- 
tinguish with  certainty  between  the  two  series.  The  observations  of  the  past 
season  also  tend  to  confirm  the  views  previously  expressed  by  myself  as  to 
the  equivalency  of  the  gneiss  of  Drds  and  Kargil  with  the  central  gneiss  of 
Dr.  Stoliczka :  I  shall  have  a  few  remarks  to  add  on  this  subject  in  the  next 
section  of  this  paper. 

Fossible  occurrence  of  tertiary  rocks  in  the  Drds  valley. — In  previously-published 
papers  it  has  been  considered  that  the  whole  of  the  slaty  rocks  in  the  Drds  valley 
were  of  palaaozoic  age:  during  my  last  tour,  however,   I  had  an  opportunity  of 
examining  these  rocks  over  a  more  extensive  area  than  on  previous  occasions,  and 
I  have  come  to  the  conclusion  that  there  is  a  very  great  probability  of  certain  of 
these  rocks  belonging  to  the  tertiary  series  of  the  Indus  valley*  ;  the  rocks,  how- 
ever,  in  this  district  are  so  disturbed  and  contorted,  that  it  is  a  matter  of  extreme 
difficulty  to  determine  their  original  relationship.     The  rocks  which  I  consider 
to  be  not  improbably  tertiary  in  the  Drds  valley  are  certain  orange  and  red  clays, 
mixed  with  a  breccia,  exactly  resembling  the   tertiaries  of  Kargil*  ;  the  breccia 
near  Walmio  contains  fragments  of  a  dolomite  which  appears  to  be  certainly  the 
same  as  that  of  the  trias.    In  the  Marpu  (Marpo)  ravine,  to  the  northward  of  Drds, 
there  occurs  a  serpentine  exactly  like  that  found  in  such  abundance  at  Pashkdm 
near  Kargil.     These  rocks  occur  on  the  top  of  the  silurian  trappoids  of  Dras,  but 
the  two  series  of  rocks  are  so  intimately  mixed  together,  that,  as  I  have  shown  to 
be  the  case  with  the  carboniferous  and  tertiaries  at  Shargol,'  it  seems  to  me  to  be 
impossible  to  say  exactly  which  is  which ;  the  boundaries  marked  on  the  map  mnst^ 
therefore,  be  taken  as  merely  an  approximate  representation  to  the  truth.     Near 
Waturgu,  the  presumed  tertiary  rocks  are  in  close  relation  with  the  carboniferous, 
and  appear  to  be  unconformable.    Although  I  think  I  am  right  in  referring  some 
of  the  Drds  rocks  to  the  tertiary  epoch,  I  must  admit,  in  the  absence  of  fossils, 
and  in    the    impossibility  of  tracing  them  into  connection  with  undoubtedly 
tertiary  rocks,  that  this  reference  cannot  by  any  means  be  considered  as  resting 
upon  incontrovertible  grounds. 

Garhoniferous  and  trias  of  Drds. — Previously  to  the  past  season's  work, 
the  triassio  rocks  occurring  to  the  south  of  Drds  had  not  been  traced  to  any 
distance  in  this  direction ;  nor  had  their  easterly  boundary  been  defined.  The 
latter  point  has  now  been  determined.  It  may  be  well  to  remind  the  reader  that 
the  northern  boundary  of  the  Drds  trias  has  hitherto  been  considered  to  be  a 
faulted  one,  as  certain  rocks  considered  to  be  the  carboniferous,  which  are 
found  underlying  the  same  trias  in  Tilel  and  to  the  south  of  Drds,  are  not  found 
in  the  Drds  valley  itself.    At  the  same  time  it  is  somewhat  difficult,  on  the  hypo« 

1  Some  remarks  on  the  age  of  the  lower  portion  of  thii  series  will  be  found  in  the  seqnel. 
•  Supra,  Yo\.  XI I  f.  p.  35. 
'  See  paper  above  quoted. 
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thesis  of  a  faulted  jtmctioii,  to  account  for  the  manner  in  which  certain  outliers 
of  the  trias,  near  Dr^,  have  attained  their  present  position,  since  they  appear  to 
conformably  overlie  the  paleoozoics.  Some  sections  in  the  neighbourhood  of 
the  valley  of  Kikshmfr  have,  however,  recently  shown  that  when  trap-like  rocks 
similar  to  those  of  the  Dras  valley  occur  in  the  neighbourhood  of  the  trias,  the 
carboniferous  rocks  are  probably  in  part  included  in  the  trappoid  series,  and  conse- 
quently cannot  be  recognised  as  a  distinct  formation.  It  is,  therefore,  not  impro- 
bable that  the  same  explanation  may  apply  to  the  Ddb  valley.  Consequently,  in 
those  parts  of  the  map  where  the  iirias  is  represented  in  immediate  contact  with 
the  siluiians,  the  reader  will  understand  that»  at  all  events  in  many  cases,  the  car- 
boniferous rocks  must  exist  near  the  line  of  junction.  To  the  southward  of  Dr&s, 
the  easterly  limits  of  the  triassic  rocks  are  defined  by  a  line  running  nearly  from 
north  to  south  at  a  distance  of  about  two  miles  to  the  westward  of  the  Sum 
river.  Along  this  line  the  massive  limestones  and  dolomites  of  the  trias  are 
conformably  underlaid  by  a  series  of  carbonaceous  and  crumbly  shales,  alternat- 
ing with  thin-bedded  blue  limestones  traversed  by  veinings  of  yellow  quarts. 
These  rocks  are  absolutely  identical  in  mineralogical  composition  with  similarly 
situated  rocks  in  Lad^,  which  have  been  referred  to  the  carboniferous :  they 
also  very  closely  resemble  the  undoubtedly  carboniferous  rocks  in  the  Wardwan 
valley,  shortly  to  be  noticed. 

Siluriants — The  presumably  carboniferous  rocks  are  underlaid  by  the  Siluri- 
ans, which  on  the  Sum  river  consist  mainly  of  slates,  the  trappoid  rocks  of  the 
Drto  valley  being  very  poorly  represented.  This  very  local  distribution  of  the 
trappoid  rocks  is  a  strong  argument  in  favour  of  their  igneous  origin. 

Granitic  gneiss  of  £ar^i.— Near  the  village  of  Sanku  (Sankoo),  in  Kartsi 
(Kurtse),  there  occurs  an  elliptical  dome-shaped  mass  of  white  granitic  gneiss, 
with  its  long  axis  directed  north-east  and  south-west,  underlying  the  slates, 
which  have  a  quaquaversal  dip  round  the  gneiss,  except  on  the  south  side. 
The  upper  portion  of  this  gneiss-granite  seems  to  be  conformable  to  the  slate 
series  ;  and  the  rock  appears  to  be  identical  with  the  Drfis  gneiss,  and  is  there, 
fore  probably  primitive;  but  whether  the  whole  of  the  sedimentary  series  is 
present  between  the  gneiss  and  the  trias  may  be  doubted,  both  on  account  of 
the  proximity  of  the  two  series  and  for  reasons  to  be  detailed  in  the  sequel.  On 
the  south  side  there  appears  probably  to  be  a  fault  separating  the  granitic  gneiss 
from  the  semi-metamorphic  rocks  of  Sum  to  be  noticed  immediately:  on  the 
side  in  question,  the  foliation  of  the  gneiss  and  the  stratification  of  the  semi-meta- 
morphic rocks  incline  towards  one  another  at  a  high  angle. 

Bemi^inetamorphic  rocks  ofSuru. — In  the  Sum  district  there  occurs  an  enormous- 
ly thick  series  of  semi-metamorphic  rocks,  whose  northern  boundary  was  mapped 
and  noticed  by  Dr.  Stoliczka' ;  these  rocks  form  the  north-western  termination  of 
the  great  mass  of  metamorphic  and  semi-metamorphic  rocks  composing  the  Zdns- 
k£r  range,  to  which  reference  has  so  frequently  been  made  in  my  previous  papers, 
and  in  relation  to  which  some  additional  remarks  will  be  made  below.  The  semi- 
metamorphio  rocks  of  Sum  consist  of  micaceous  schists,  with  occasional  bands  of 

>  •<  Hemoin  Oeologicia  Soryey  of.  Indi*,"  Vol.  V,  p.  841. 
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a  dark  grej,  imperfectly  orystalline,  gneiss,  quite  distinct  from  that  of  Eartsi, 
and  slightly  altered  slates  and  sandstones  very  frequently  gametiferons.  These 
rocks  appear  to  underlie  some  of  the  unaltered  Silurians  to  the  north-west  of 
Sum  but)  as  will  be  seen  below,  to  the  southward  correspond  to  the  whole  of 
the  Silurians  and,  at  all  events,  part  of  the  carboniferous  series.  On  the  upper 
portion  of  the  Shang-Shi  riyer  ^  the  carboniferous  and  trias  are  seen  overlying 
the  semi-metamorphics,  but,  as  I  have  not  examined  this  section  carefully,  my 
remarks  on  the  relations  of  the  component  rocks  are  reserved  for  another  analogous 
section. 

BhoUKol  pass  # ec^ion.-^Proceeding  from  Sum  up  the  narrow  ravine  leading 
to  the  Bhot-Kol  pass  (Ldnwi-Ld),  we  find  an  ascending  series  of  the  Sum  rocks, 
among  which  there  occur  a  few  thin  bands  of  white  granitic  gneiss.  At  the 
point  where  the  stream  separates  into  its  two  component  branches  there  occurs 
a  83mclinal  of  trias  dolomites  reposing  conformably  on  the  semi-metamorphics, 
but  frequently  exhibiting  local  inversion  on  one  side  or  the  other.  The  trias 
here  consists  mainly  of  white  dolomites  and  pale  blue  limestones,  alternating  with 
bands  of  shale,  weathering  to  a  chesnut-brown  colour.  The  calcareous  rocks  are 
here  and  there  altered  to  a  completely  crystalline  marble  as  at  Shigar.  This 
section  shows  also  that  as  in  Br&ldu,  all  the  rocks  below  the  trias  have  been 
metamorphosed,  and  that  consequently  the  carboniferous  must  be  represented 
among  the  upper  part  of  the  schist  series :  the  reader  will  also  not  fail  to  notice 
the  general  resemblance  of  the  infra-triassic  rocks  of  Suru  to  those  of  Brdldui 
though  the  extent  to  which  the  metamorphic  action  has  been  carried  is  less  in  the 
former  district  than  in  the  latter.  In  Sum,  moreover,  there  is  no  evidence  of 
any  unconformity  at  the  base  of  the  carboniferous,  there  being  apparently  here,  as 
there  is  certainly  in  Wardwan,  a  regular  ascending  section  from  the  lower  silu- 
rians  to  the  trias.  Nearer  the  Bhot-Kol  pass  the  metamorphism  of  the  infra- 
triassic  rocks  becomes  gradually  less  and  less  :  traces  of  the  quartz-veined  car- 
boniferous limestone  and  accompanying  shales  are  here  and  there  to  be  detected 
underlying  the  trias,  which  are  represented  approximately  on  the  map.  The 
summit  of  the  pass  consists  of  trias  limestone  and  dolomite,  but  on  either  side 
there  occurs  a  massive  granitic  gneiss,  light  coloured,  micaceous,  and  without  the 
slightest  trace  of  foliation  or  stratification  :  this  gneiss  is  overlaid  sometimes  by 
carboniferous,  sometimes  by  triassic,  and  at  other  times  by  partly  metamorphosed 
Silurian  rocks,  and  is  indistinguishable  from  the  gneiss  of  Drds.  On  the  western 
side  of  the  pass  this  gneiss  is  overlaid  by  trias  limestones,  with  a  low  westerly  dip. 
Between  the  pass  and  Bangmarg,  in  the  Wardwan  valley,  we  find  on  the  right  bank 
of  the  river  another  mass  of  the  same  granitic  gneiss  overlaid  to  the  south  and  west 
by  dark  slates  and  trias  limestones  and  dolomites.  These  slates  contain  bands  of 
the  greenish  serpentinous  rock  of  the  Shigar  carboniferous,  and  on  this  ground, 
as  well  as  from  their  serial  position,  must,  in  all  probability,  be  referred  to  the 
same  horizon.  On  the  eastern  side  of  the  gneiss  a  very  thin  band  of  probably 
the  same  slates  is  found,  which  in  the  valley  seem  to  dip  towards  the  gneiss- 
granite,  but  higher  up  in  the  hills  to  overlie  it.     There  seems  to  be  probably  a 

>  In  a  previoosly-pablished  map,  some  of  tha  limestones  and  dolomites  on  the  npper  part  of 
tliu  river,  and  on  the  Kashmir  and  Drib  road,  were  erroneouslj  referred  to  the  corboniferoas. 
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fault  Bomewliere  on  this  side  of  tlie  gneiss,  as  is  inferred  from  the  nnsymmetrical 
succession  of  the  rocks  on  the  two  sides  of  the  gneissic  axis. 

Age  of  BhoUKol  gneiss.'^k.s  before  said,  the  Bhot-Kol  gneiss  is  indistinguish- 
able from  that  of  Dras,  and  also  of  Kartsi,  and  is  consequently  presumed  to  be 
the  same.  If  this  identification  should  eventually  prove  to  be  correct,  this  rock  will 
probably  be  the  central  gneiss,  or,  at  all  events,  of  infra-silurian  age.  Its  occur- 
rence here  among  the  carboniferous  and  triassic  rocks  is  a  very  remarkable  fact ; 
while  from  its  mineralogical  distinctness  from  the  infra-triassic  schists  of  Sum, 
apart  from  its  relations  to  the  overlying  rocks,  there  cannot,  it  appears  to  me, 
be  much  question  as  to  its  not  belonging  to  any  portion  of  that  series.  The 
only  explanation  of  its  present  position,  which  presents  itself  to  my  mind,  is 
that  portions  of  this  gneiss  must  have  existed  as  islands  in  the  silurian  and 
carboniferous  seas,  and  that  the  last  survivor  of  such  islands  was  not  wholly 
submerged  and  covered  by  later  sedimentary  deposits  until  the  period  of  the 
trias.  The  gneiss  of  Kartsi,  on  the  same  hypothesis,  would  seem  to  have  con- 
stituted an  island  during  the  earlier  silurian  period,  to  have  been  subsequently 
covered  by  later  silurian  deposits,  and  the  junction  of  the  rocks  of  the  two  periods 
to  have  been  obliterated  by  metamorphic  action. 

TrioM  of  Wardwan. — The  rocks  of  the  upper  part  of  the  Wardwan  valley 
consist  of  triassic  limestones,  dolomites,  and  shales,  having  a  north-easterly  dip. 
These  calcareous  rocks  are  very  frequently  crowded  with  crinoid-stems,  corals, 
and  comminuted  shells.  To  the  northward  of  the  Wardwan  river,  in  the 
Wishni  and  Kaderan  (Kodarun)  tributary  valleys,  the  triassic  calcareous  series  is 
overlaid  by  slates,  apparently  occupying  a  synclinal  in  the  former,  and  continuous 
with  the  similar  rocks  of  Panjtdmi  and  the  Zoji-L&,  described  in  a  previous  paper. 
The  exact  age  of  these  slaty  rocks  has  not  yet  been  determined ;  the  present 
section,  however,  confirms  the  view  previously  expressed  that  they  overlie  the 
trias  dolomites. 

Carboniferous  and  sUurtan  of  Wardwan, — The  rocks  to  the  southward  of  the 
trias  of  Wardwan  are  well  exhibited  in  that  Iportion  of  the  valley  immediately 
below  the  first  great  bend  of  the  river,  and  it  is  this  section  which  will  now  be 
described.  The  limestones  and  dolomites  of  the  trias  above  the  bend  in  question 
are  underlaid  by  a  thin  band  of  black,  carbonaceous,  and  highly  calcareous 
shales  with  crystals  of  pyrite  and  rusty  spots  which  are  probably  the  remnants 
of  decomposed  fossils.  This  shaly  band  is  in  turn  underlaid  by  a  great  mass  of 
green,  and  generally  amygdaloidal  rocks,  showing  very  faint  or  no  traces  of 
stratification,  and  which  I  consider  in  great  part  to  be  of  eruptive  origin.' 
Beneath  the  trappean  rooks  we  come  upon  black  shales,  dark,  shaly,  and  schisty 
limestones,  and  pale  quartzitic  sandstones,  with  a  low  noi*th-easterly  dip.  In 
these  rocks  there  occur  great  numbers  of  the  species  of  Sjpirifer,  Productus,  and 
Fenestella^  characteristic  of  the  carboniferous  rocks  of  K^hmfr,  together  with 
crystals  of  pyrite :  the  brachiopods  are  more  abundant  in  the  calcareous  rocks  and 

'  I  prefer  to  use  the  term  '  eruptive '  in  place  of  '  igneoo^,'  as  there  is  now  so  much  contro- 
Tenj  as  to  how  much  or  little  heat  alone  ma^  have  been  the  liqaifjring  agent  of  many  trap- 
pean rocks. 
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the  polyzoans  in  tHe  argiUaceons.^  These  carboniferons  rocks  are  underlaid  by  a 
great  thickness  of  slates,  sandstones,  qnartzites,  conglomerates,  and  trappeans, 
corresponding  to  the  rocks  of  the  P(r-Panj&l  range,  and  mainly  representing  the 
silnrians.  The  latter  rocks  continue  down  the  Ward  wan  valley  to  some  dis- 
tance below  Inshin,  where  they  overlie  the  gneissic  and  micaceons  rocks  of  the 
Z&nskdr  range,  in  regard  to  the  age  of  which  I  shall  have  some  remarks  to  make 
in  the  sequel.^ 

Boimda/ries  of  trios  and  carboniferotts. — The  foregoing  section  (fig.  1  of  accom- 
panying plate)  is  of  considerable  importance,  in  that  it  now  enables  ns  to  fix  defin- 
itely  the  precise  horizon  of  the  carboniferons  rocks  among  the  great  mass  of  cal- 
careens  and  shaly  strata  lying  to  the  north  of  the  valley  of  K^hmf  r,  in  which  car- 
boniferons fossils  have  not  hitherto  been  found  by  myself.     Again,  the  carbonifer- 
ons horizon  being  fixed,  the  lower  limits  of  the  trias  can  now  be  approximately 
determined,  a  point  which  had  previously  been  one  of  great  uncertainty,  both 
here  and  in  the  valley  of  Kdshmir.     A  large  thickness  of  calcareous  rocks,  in 
both  districts,  referred  in  previous  papers  to  the  carboniferous,  must  now  be  classed 
in  all  probability  with  the  trias.     In  the  Wardwan  section  it  would  seem  from  the 
similarity  of  mineraJogical  composition,  and  from  a  companson  of  another  section 
described  below,  that  the  shaly  rocks  at  the  base  of  the  dolomites  and  limestones 
are  the  same  as  the  fossiliferous  carboniferous  rocks  to  the  south  of  the  trappean 
band,  and  that  consequently  the  latter  really  forms  an  anticlinal  axis  below  the  car- 
boniferous, the  original  relations  of  the  rocks  having  been  disturbed  by  inversion, 
as  will  be  explained  more  fully  when  we  come  to  the  consideration  of  the  Lidar 
valley  section.     The  carboniferous  rocks  on  the  north  of  the  trappean  band  are 
somewhat  thinner  than  those  to  the   south,  their  lower  beds  having  probably 
been  mingled  with  and  altered  by  the  trap,  into  which  they  gradually   pass.     In 
previous  papers,  it  was  considered  that  the  carboniferous  horizon,  in  the  corre- 
sponding upper  Lidar  valley  section,  formed  the  lower  half  of  the  limestone  and 
dolomite  series ;  a  shaly  stratum  occurring  there  also,  on  either  side  of  the  trap 
zone  is,  however,  undoubtedly  the  carboniferous. 

Origin  of  palaozoic  traps, — ^I  have  already,  in  a  previous  paper,'  given  some 
reasons  for  considering  the  amygdaloidal  rocks  of  Kashmir  as  being  of  igneous 
or  eruptive  origin,  and  in  connection  with  this  subject  it  has  come  to  my  notice 
that  in  a  recently  published  paper,*  Mr.  Butley,  of  the  Geological  Survey  of 
Great  Britain,  has  described  certain  schistose  amygdaloided  rocks  from  the 
devonian  of  the  Dartmoor  neighbourhood.  The  author  comes  to  the  conclu- 
sion that  some  of  these  rocks  are  lavas,  while  others  are  volcanic  ashes,  and  yet 
others  are  mainly  sedimentary  in  origin,  though  it  is  possible  that  even  these 

'  As  already  observed  in  an  earlier  paper  (Supra,  Vol.  XIII,  p.  58),  these  fossils  were  first 

broaght  to  notice  by  Mr.  Drew :  the  species  observed  were  Spirifer  mooiakhalietitU,  And  Prvdmeins 
semiretioulatuM, 

'  X  formerly  thought  that  the  lower  Wardwan  gneiss  occnrred  among  the  slaty  rocks  above 
Inshin,  from  the  presence  in  the  river  bed  of  pebbles  of  the  Bhot-Eol  gneiss  described  above. 

*  Supra,  Vol.  XI,  pp.  36  and  36. 

*  Qnar.  Jour.  Geol.  Soc.,  Lond.,  Vol.  XXXVI,  p.  285 :    "  On  the  schistose  volcanic  roeks  on 
the  west  of  Dartmoor,  etc." 
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latter  may  be  very  higUy  altered  lavas.  Mr.  Butley  adds  that  the  strata  in 
qnestion  ''are  alternations  of  lava-flows,  tnffo,  and  tufaceous  sediments."  It 
appears  to  me  that  the  amygdaloidal  and  other  trappoid  rocks  of  K^hmfr  are  pre- 
cisely analogous  to  these  English  rocks,  and  on  these  grounds  I  shall  henceforth 
allnde  to  them  as  traps.  Even  if  the  eruptive  origin  of  these  rocks  be  not 
accepted,  I  feel  I  am  still  justified  in  applying  such  a  term  to  them,  as  traps  of 
metamorphic  origin  are  now  recognised  by  geologists,  although  sometimes  dis- 
tinguished by  the  prefix  "meta."  I  am,  however,  very  strongly  of  opinion  that 
the  T^naliTTilr  traps  are  truly  eruptive  rocks,  a  view  which  is  strengthened  by  their 
mode  of  occurrence,  as  will  be  noticed  in  the  sequel. 

Sonamarg  section, — In  a  previous  paper  ^  a  large  mass  of  amygdaloidal  and 
doleritic  traps,  occurring  in  the  Sind  valley  between  the  triassic  series  of 
Sonamarg  and  the  calcareous  and  shaly  carboniferous  of  GagaDgan,  was  des- 
cribed. It  was  then  considered  probable  that  these  traps  were  faulted  against 
the  carboniferous  to  the  south  :  the  Wardwan  section,  however,  renders  it  proba- 
ble that  the  carboniferous  really  forms  an  inverted  synclinal,  and  the  traps  an 
anticlinal ;  while  on  the  north  side  of  the  traps  there  is  probably  a  fault,  as  there 
the  trias  is  in  immediate  contact  with  the  traps,  though  it  is  not  improbable,  as 
has  been  suggested  both  by  Dr.  Stoliczka  and  myself,  that  some  of  the  lowest 
shales  and  limestones  between  Sonamarg  and  B£lt£l  may  be  carboniferous.  These 
Gagangan  carboniferous  is  underlaid  by  sedimentary  silurians,  and  the  rela. 
tions  of  these  to  the  similarly  situated  traps  on  the  north  of  the  carboniferous 
will  be  alluded  to  in  describing  the  Lidar  valley  section.  To  the  north-west  of 
Sonamarg  the  traps  gradually  die  out,  and  the  section  is  in  normal  sequence : 
to  the  south-east  the  traps  form  a  band  continuous  with  that  of  Wardwan. 

Tricu  of  Kd$hmir  valley. — The  more  precise  determinations  of  the  geological 
age  of  the  strata  in  and  adjoining  the  secondary  basin  to  the  northward  of  the 
valley  of  Kfahmir  has  rendered  it  necessary  to  re-consider  the  relations  and  age 
of  the  great  series  of  calcareous  rocks  occurring  in  Kashmir  itself.  Hitherto  in 
Colonel  Godwin- Austen's*  and  Dr.  Verchere's*  notices  and  in  my  own  published 
maps,  with  the  exception  of  a  small  patch  of  dolomites  at  Mdnasbal,  the  whole  of 
the  limestone  series  in  the  valley  of  K&shmir  has  been  classed  as  carboniferous, 
though  a  strong  opinion  has  already  been  more  than  once  expressed,^  that  a  con. 
siderable  portion  of  it  was  probably  of  triassic  age.  As  the  Wardwan  section 
has  demonstrated  that  the  carboniferous  fossils  occur  only  in  the  carbonaceous 
and  calcareous  shales  at  the  base  of  the  great  limestone  and  dolomite  series, 
while  the  Gurez  section  has  shown  that  the  latter  from  containing  triassic  fossils 
throughout  must  be  referred  to  the  trias  ;  and  as  parts  of  the  K&shmir  limestone 
series  are  lithologicaJly  the  same  as  the  limestones  and  dolomites  to  the  north 
of  the  valley, — it  is  evident  that  the  trias  must  be  largely  represented  in  Kash- 
mir, and  that  only  the  base  of  the  limestone  series  can  be  considered  as  of  car- 
boniferous age.    On  these  considerations  a  careful  re-examination  of  the  lime. 

«  5«pra,  Vol.  XI,  p.  46. 

«  Q.  J.  0.  S.  L.,  Vol.  XXII,  p.  29. 

>  J.  A  S.  B.,  Vol.  XXXV. 

«  Sujtrti,  Vols.  XI,  p.  42;  XIII,  p.  56. 
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stone  series  of  the  Kashmir  valley  has  been  undertaken,  which  has  resulted  in 
the  discovery  of  an  undoubted  triassic  fossil  in  one  locality,  and  has  also  shown 
that  the  undoubtedly  carboniferous  fossils  occur  only  in  the  more  or  less  shaly, 
or  cherty  rocks  at  the  base  of  the  series.  This  determination  has  removed  the 
incongiTiity  previously  observed  as  to  the  difference  in  the  mineralogical  com- 
position of  the  carboniferous  rocks  in  adjacent  areas.  In  the  sections  given  by 
Colonel  Godwin- Austen  in  the  paper  already  quoted,  the  beds  numbered  1  to  5 
are  certainly  carboniferous,  while  the  succeeding  beds  are  at  all  events  in  great 
part  triassic.  In  those  sections  the  exact  composition  of  each  bed  is  given,  and 
it  will,  therefore,  be  unnecessary  in  many  instances  to  repeat  them  here. 

I  shall  now  proceed  to  examine  separately  the  various  masses  of  limestone 
occurring  in  the  Kdshmfr  valley,  commencing  with  the— 

Limestones  of  Bandipur, — The  limestone  series  of  Bandipiir  occupies  a  tri- 
angular area  on  the  left  bank  of  the  Bandipur  stream,  the  rocks  having  a  regular 
and  low  dip  to  the  north-east.  The  lower  beds  consist  of  cherty  sandstones, 
with  blue  limestones  and  occasional  shaly  bands ;  while  the  higher  beds  consist 
of  thin-bedded,  light-coloured,  and  frequently  dolomitic,  limestones  like  those  of 
Sonamarg,  and  some  of  the  Grurez  limestones  As  these  rocks  dip  towards  the 
slates  and  other  silurian  rocks  lying  to  the  northward,  I  presume  that  the  junc- 
tion must  be  a  faulted  one.  The  lower  beds  of  the  limestone  series,  of  which  the 
base  is  not  exposed,  contain  numerous  crinoids  and  corals,  and  not  impossibly 
correspond  to  the  carboniferous ;  in  the  absence  of  characteristic  fossils,  however, 
this  cannot  be  certainly  determined  :  the  higher  beds  are  undoubtedly  triassic. 

Limestones  and  traps  of  Mdnashal, — As  already  noticed  in  a  previous  paper,* 
the  banded  limestones  of  M&nasbal,  to  the  north-west  of  the  mouth  of  the  Sind 
river,  rest  upon  a  dome-shaped  mass  of  amygdaloidal  trap,  and  have  yielded  to  Mr. 
Theobald  a  species  of  Orthoceras.     The  limestones  are  light-coloured  and  banded, 
and  much  contorted ;  they  exactly  resemble  those  of  Bandipur :  and  among  them, 
at  Kandarbal,  there  occurs  a  mass  of  white  dolomite,  worked  for  cement.     The 
M&nasbal  limestones  have  hitherto  been  classed    mainly  as  carboniferous,  but 
they  are  lithologically  the  same  as  the  trias  in  other  parts  of  the  valley,  and  must 
be  referred  to  that  period.     The  limestones,  as  aforesaid,  rest  immediately  upon 
the  traps,  and  no  trace  of  the  carbonaceous  and  fossiliferous  shales  of  the  carboni- 
ferous can  be  detected  between  the  two.   I  can  only  explain  this  apparent  anomaly 
by  the  supposition  that  the  whole  of  the  carboniferous  rocks  have  become  altered 
by,  and  included  in,  the  trap.     This  view  is  confirmed  by  the  fact,  to  be  noticed 
immediately,  that  in  neighbouring  parts  of  the  valley  the  carboniferous  is  very 
frequently  reduced  to  an  extremely  narrow  band,  merging  into  the  traps  below. 

Mr.  Vigne^s  note  on  tJie  Mdnashal  limestone, — ^Before  leaving  the  subject,  it  may 
not  be  out  of  place  to  mention  that  Mr.  Vigne"  records  the  occurrence  of  num- 
mulites  in  the  Manasbal  (Manasa-bal)  limestone.  In  the  paragraph  foUowing 
the  one  in  which  that  statement  occurs,  the  author  appears  to  consider  this  lime- 
stone as  the  same  as  that  of  Shisba-Ndg  (Shesha  Nag)  in  the  upper  Lidar 

>    5ttprfl,  Vol.  XI,  p.  49. 
«  Loc.  cit.  Vol.  I„  p.  276. 
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TBlky.  It  has  occurred  to  me  as  a  possible  explanation  that  Mr.  Vigne  mistook 
the  joints  of  crinoid-stems  occurring  abundantly  in  the  Manasbal  limestones 
for  nummulites.*  In  the  memoir  already  referred  to,  Dr.  Verchere  comes  to  the 
same  conclusion. 

Vihi  'Limestones,  cfe.— The  great  mass  of  limestones  and  associated  rocks 
occnrring  to  the  north  of  P&mp^r,  in  the  district  known  as  Vihi  in  the  Kdshmfr 
Talley,  was  first  noticed  by  Mr.  Vigne,*  subsequently  by  Colonel  Godwin- Austen 
and  Dr.  Verchere  in  the  papers  quoted,  and  their  distribution  was  roughly  laid 
down  in  a  map  published  by  myself.  They  were  classed  both  by  Messrs.  Austen 
and  Verchere,  and  myself  as  carboniferous.  During  the  past  season  a  closer 
examination  of  these  rocks  ^fw  been  undertaken,  which  has  shown  that  they 
occupy  a  larger  area  than  had  previously  been  supposed,  and  also  that  the  great 
bulk  of  them  are  probably  of  triassic  age. '  On  the  north-western  border  of  these 
rocks,  as  laid  down  on  the  accompanying  map,  it  will  be  found  that  to  the  north- 
west of  the  village  of  Khtinmu  (Khoonmoo),  the  following  section  of  strata  is 
exhibited.  This  section  has  been  described  on  pages  33  and  34  of  the  above 
quoted  paper  of  Colonel  Godwin- Austen's,  and  drawn  in  figures  7  and  8  of  the 
same.  Colonel  Godwin- Austen  observes,  "  Above  the  village  of  Khoonmoo  there 
is  a  veiy  interesting  section,  as  a  great  thickness  of  the  carboniferous  series  is 
exhibited."  The  trappean  rocks  (called  hornblende  slates  by  Colonel  Godwin- 
Austen)  form  the  base  of  the  series,  and  are  overlaid  by  the  following  series  of 
rocks,  somewhat  modified  from  Colonel  Godwin-Austen's  table,  and  numbered 
from  below  upwards :— 

Feet 

1.  Qoartzite  ...  ...  ...  ...  ...       12 

2.  Sandy,  calcareous,  and  ehaly  beds^  with  a  few  ihells  ...      10 
J 3.  Hard  limestone  with  Orthoceras   ...  ...  ...       10 1 

Camohctbeous...  <.    Limestone  with  Froductus  aud^l^irifer  8  f  ^  ^^' 

5.  Grey  limestone  ...   "         ...  ...  ,„        6 

6.  Bed  with  shells  and  ^Myrif         ...  ...  ...        2, 

Tbias  ...    7.  Limestones       ...  ...  ...  ...  ...  2,400  (?) 

The  species  of  fossils  mentioned  by  Colonel  Austen  are  Productus  scabricultts 
Spirifer  hcuhmiriensis  and  8.  vihiana,  and  Athyris  suhtilUa  ;  in  addition  to  which 
I  obtained  P.  humhoUi,  and  species  of  Fenestella.  These  fossils  were  all  obtained 
from  the  beds  marked  1  to  6  in  the  section,  and  indicate  the  carboniferous  age  of 
these  rocks.  In  the  narrow  ravine  in  which  these  rocks  occur,'  I  also  found  a 
much  battered,  but  still  uimiistakeable,  specimen  of  the  large  species  of  triassio 
Megalodon  noticed  above,  which  had  evidently  fallen  down  from  some  of  the 
great  mass  of  limestones  ranked  under  No.  7  in  the  section,  and  which  clearly 
proves  the  triassic  age  of  some  of  those  rocks.     The  same  age  for  these  rocks 

*  la  reference  to  a  note  given  in  my  last  published  paper  on  Himalayan  Oeology  (Supra, 
Tol.  XIII,  p^  48)^  regarding  the  asserted  discovery  by  the  late  Dr.  Thomson  of  nummulites  in 
ZitukiT,  the  above  given  explanation  has  suggested  that  possibly  a  similar  one  may  be  applied  also 
intiiatcase. 

*  Xo0.  cii.  Vol.  I,  page  276. 

*  A«  noticed  by  Colonel  Godwiii-Aosten  the  entrance  of  this  lavine  is  marked  by  a  large 
Oanir  tree  (PkUanuM  orietUalU). 
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would  also  be  inferred  from  the  identity  of  their  composition  and  stmctuTe  with 
the  already  described  undoubted  trias  in  other  parts  of  Kashmir  and  its  neigh- 
bourhood. 

The  carboniferous  rocks,  as  already  obserred,  are  underlaid  by  amygdaloidal  and 
other  traps,  showing  very  slight  or  no  traces  of  stratification.     These  tnlps  corre- 
spond to  those  of  Srfnagar,  and  pass  up  imperceptibly  into  the  carboniferous. 
To  the  north-west  they  are  underlaid  by  slaty  and  silicious  rocks.     The  Eone 
which  can  here  be  certainly  identified  as  carboniferous,  will  be  seen  to  be  of  very 
small  thickness  (43  feet),^  and  it  is  most  probable  that  some  of  the  underlying 
traps  in  reality  belong  to  the  same  period.    Since,  however,  similar  traps  occur 
at  various  stages  throughout  the  underlying  silurian  (or  older  palssozoic)  series, 
the  whole  of  the  rocks  are  referred  to  that  series,  with  which  they  form  one 
continuous  geological  formation.     The  carboniferous  rocks  may  be  traced  to  the 
northward  into  the  Ara  (Arrah)  valley,  where  they  bend  round  to  take  a  south- 
easterly direction  below  M&hddeo  station.     In  this  district  I  have  not  succeeded 
in  discovering  fossils,  and  the  boundaries  are  consequently  approximate.     The 
whole  series  is  here  inverted,  the  trias  underlying  the  carboniferous  and  silu- 
rian :  the  latter  here  consists  mainly  of  slaty  and  silicious  rocks,  the  traps  being 
very  slightly  developed.     The  eastern  boundary  of  this  basin  of  carboniferous 
and  triassic  rocks  occupies  the  western  side  of  the  upper  Tr&l  (Traal)  valley, 
thence  cutting  across  into  the  lower  Pdmptir  valley  on  the  northern  side  of  Was- 
tarwan  peak.     Along  this  line  the  characteristic  fossils  are  to  be  found  in  great 
abundance,  especially  on  the  high  ridge  to  the  north-east  of  Prongdm,  and  also 
to  the  south-east  of  Mandakpal.     These  carboniferous  rocks  generally  consist  of 
black  and  brown  carbonaceous  and  calcareous  shales,  cherts,  and  blue  limestones, 
in  varying  proportions.     Near  Mandakp&l  the  cheriy  rocks  often  pass  iuto  a 
compact  blue  or  white  highly  silicious  rock,  some  varieties  of  which  very  closely 
resemble  flint  or  chalcedony.    As  we  pass  from  north  to  south  along  the  carbon- 
iferous zone,  we    find  that  the  underlying    Silurians  change  considerably  in 
character,  becoming    gradually  more  trappean  until,  in  the  neighbourhood  of 
Wastarwan  peak  these  rocks  consist  almost  or  quite  entirely  of  traps,  which 
form  the  whole  of  that  hill.     The  bearing  of   this    extremely  sudden  thin, 
ning  out    of   the  traps  on  their   eruptive   origin  will   be  referred  to    subse- 
quently.    The  carboniferous  rocks  may  be  traced  round  the  north-west  side 
of  Wastarwan  hill,    and  are    here  and    there   overlaid    by    trias.     At     the 
village  of  Tangar,  to  the  north-west  of  Av4ntiptir,'  we  find  an  outlier  of  the 
carboniferous  shales  and  limestones,    containing  numerous  forms  of  Froductus 
and  Fenedella,  occupying  a  spur  projecting  out  from  the  underlying  trap.     The 
connection  between  the  sedimentary  carboniferous  and  the  traps  is  here  extremely 
intimate ;  and,  as  previously  noticed,^  fossils  are  found  in  juxta-position  with  the 
traps.     On  splitting  open  the  rock,  it  will  sometimes  be  found  that  a  fossQiferoiis 

I  In  other  sections  in  the  neighbonrhood,  as  given  by  Colonel  Ansten,  tbe  thickness  is  greater, 
ranging  np  to  300  feet. 

*  This  Tillage  is  sitoated  close  to  the  ootlier  of  carboniferous  on  the  south-west  side  of 
Wastarwan. 

'  Supra,  Vol.  XIII,  p.  60. 
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layer  divides,  so  as  to  leave  one  portion  adhering  to  the  underlying  trap,  and 
the  other  to  the  overlying  shale.  This  intimate  connection  of  the  two  rocks 
will  easily  explain  how,  on  the  theory  of  the  eruptive  origin  of  the  trap,  nearly 
the  whole  of  the  carboniferous  shales  may  have  been  covered  by  successive  out- 
flows, and,  as  at  M&nasbal,  altered  out  of  all  possibility  of  recognition. 

Colonel  Chdwin-Avsten's  notices, — In  addition  to  the  sections  already  quoted, 
Colonel  Godwin- Austen  has  described  others  along  the  easterly  border  of  the 
Vihi  limestones,  one  of  which  requires  a  moment's  notice.  This  is  a  section 
near  the  village  of  Lddu  (Loodoo),  close'.to  MandakpAl,  beneath  Wastarwan  peak. 
The  section,  as  griyen  by  Colonel  Godwin-Austen,  is  as  follows,  the  bed  No.  1 
resting  on  the  trap :— • 

Ft 

1.  Dark  splintery  alate  and  qnartz-rock,  with  badly -defined  lamination  20 

2.  Light  olive-green  aplintery  rock  ...  ...  ...  2 

8.  Beaotifal  white  or  light  grey  quartz  like  flint  ...  ...  I 

4,  Blue  limestone  with  beds  which  weather  light-green.    This  bed  is 

full  of  brachiopods,  while  the  lower  may  be  said  to  be  made  up  of 
JPeM69t€US  ...  ...  ...  ...  .,,  80 

6.  Dark-blue  shales,  surmounted  by  a  great  mass  of  hard,  compact, 

limestone^  weathering  to  a  red  tint,  and  containing  QoniatitM,  P 

In  the  above  section,  the  beds  up  to  and  including  the  shales  marked  No.  5 
clearly  belong  to  the  carboniferous,  while  the  overlying  limestones  are  mainly  the 
trias.  In  these  beds  there  are  said  to  occur  Qonuxtites^  a  genus  which  died  out  in 
the  trias.  I  cannot  discover  that  these  fossils  have  ever  been  described,  or  that 
any  specimens  of  them  have  been  preserved. 

Limestone  of  Btru. — On  the  southern  side  of  the  valley,  to  the  south-west 
of  Srinagar,  I  have  for  the  first  time  noticed  two  small  outcrops  of  limestone, 
which  appear  beneath  the  overlying  Karewa  (post-tertiary)  deposits.  One  of  these 
outcrops  occurs  near  the  town  of  Biru  (Biroo  or  Birwa),  and  has  a  low  south- 
westerly dip,  and  the  other  a  short  distance  to  the  north-west.  This  limestone 
is  similar  to  that  of  Bandiptir  and  Manasbal,  and  its  occurrence  on  this  side  of 
the  valley  is  important  in  confirming  the  idea  which  has  been  previously 
expressed  that  the  valley  of  Kashmir  really  consists  of  a  synclinal  basin  of  carbo- 
niferous and  triassic  rocks,  whose  original  relations  have  in  many  cases  been 
somewhat  disturbed  by  faulting. 

Lidar  valley  section. — In  a  previously  published  paper,*  a  short  notice  was 
given  of  the  occurrence  of  carboniferous  rocks  in  the  lower  Lidar  valley  (at 
the  south-east  end  of  Kashmir)  at  Palgdm  and  Eishmakim,  at  the  latter 
of  which  places  fossils  were  found  abundantly.  A  re-examination  of  this 
section,  with  the  aid  of  the  light  thrown  upon  it  by  the  rocks  of  other  loea- 
litLes,  has  resulted  in  the  determination  of  triassic  rocks  in  this  valley,  and 
also  in  a  clearer  understanding  of  the  relations  of  the  constituent  rocks. 
A  diagramatic  section  of  the  rocks  occurring  between  Palgdm  and  IsUmabad 
is  given  in  fig.  2  of  the  accompanying  plate,  in  order  to  exhibit  the  complicsited 
foldings  which   they   have   undergone,   and   the  amount  of  denudation   which 

"  Supra,  Vol.  XI,  p.  48. 
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has  taken  place.     The  whole  of  the  rocks  in  this  section,  with  the  exception 
of  the  lacustrine  deposits  above  Islamabad,  have  a  northerly  dip,  and  they  may  be 
shortly  described  as  follows.     At  Palgdm  we  have  thin-bedded  triassic  h'mestonea 
and  dolomites,  underlaid  by  a  thin  layer  of  carboniferous  rocks  with  their  char- 
acteristic fossils  :  these  rocks  pass  gradually  down  into  a  great  mass  of  amygda- 
toidal  and  other  traps,  which  in  their  higher  beds  show  some  stratification,  but 
which  are  extremely  massive  lower  down.^     These  traps  continue  to  some  distance 
below  the  village  of  Bhatkot,  and  contain  occasional  bands  of  quartzitic  and 
slaty  rocks.    Between  Bhatkot  and  Srelgam,  these  traps  are  underlaid  by  the  car- 
looniferous  rocks,  full  of  characteristic  fossils*  ;  these  rocks  are  again  underlaid 
by  slates  and  light-coloured  quartzites ;  beyond  these  we  have  again  carboniferous 
rocks,  and  then  the.  slates  and  sandstones.     Near  Eishmakdm  we  meet  with  a 
third  band  of  carboniferous  rocks,  underlaid  by  limestones,  dolomites,  and  some 
green  and  purple  shaly  slates,  some  of  which  are  evidently  the  representatives  of 
the  trias,  and  then  again  by  carboniferous  rocks  with  fossils.     The  carbonife^ 
rous  are  underlaid  by  quartzites  and  slates,  which  continue  nearly  to  the  village 
of  Sir  (Seer),  where  they  are  underlaid  by  amygdaloidal  traps.    The  latter  are 
again  underlaid  by  a  great  series  of  limestones  and  dolomites,  which  continue 
down  to  the  Martand  karewa,  where  they  are  covered  by  a  lacustrine  deposit, 
aubsequentlj  re-appearing  with  the  same  inclination  at  Isl^abad.     The  composi- 
tion of  these  latter  rocks  shows  them  to  be  at  all  events  mainly  the  trias  (though 
hitherto  referred  to  the  carboniferous),  and  a  perusal  of  the  section  will  show  that 
the  carboniferous  must  occur  between  these  locks  and  the  quartzites,  though, 
from  the  amount  of  alluvium  and  herbage  present,  I  was  unable  to  discover 
fossils, 

Uxplanation  of  Lidar  valley  section, — ^The  occurrence  of  several  distinct  out- 
crops of  carboniferous  rocks  overlying  one  another  in  what  is  apparently  a 
normal  sequence  of  rocks,  clearly  proves  that  the  rocks  of  this  section  have 
originally  been  thrown  into  a  series  of  folds  of  varying  latitude,  which  have  been 
mainly  inverted  from  the  north  towards  the  south,  and  subsequently  enormously 
denuded.  The  original  relations  of  the  strata  I  have  attempted  to  reproduce  in 
the  figured  section  already  referred  to.  The  extremely  close  analogy  between 
this  section  and  the  section  previously  described  in  the  Ward  wan  valley,  renders  it 
certain  that  a  similar  explanation  must  be  applied  also  to  the  latter.  Other  points 
of  considerable  importance  still  remain  in  connection  with  this  section,  which  demand 
some  attention.  It  will  at  once  strike  the  reader  that  the  carboniferous  rocks  of 
neighbouring  localities  are  underlaid  by  rocks  of  completely  distinct  composition ; 
or,  in  other  words,  at  one  point  by  traps,  and  at  another  by  slates  and  quartzites. 
This  local  difference  in  the  character  of  the  infra-carboniferous  rocks  has  already 
been  referred  to  in  describing  other  sections,  but  is  nowhere  more  strikingly 
displayed  than  in  the  present  instance.  The  explanation  appears  to  me  to  be 
probably  as   follows :    Assuming  an  eruptive  origin  for  the  traps  of  Kfohmfr,  it 

1  In  the  paper  last  quoted,  it  is  stated  that  the  infra-carboniferous  rocks  were  slaty ;  they 
are,  however,  as  stated  here. 

^  These  rocks,  at  this  spot,  have  yielded  several  new  fossils — among  others  a  trilobite  (PAtV- 
lipgia) — which  are  noticed  in  the  Appendix. 
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would  appear  that  daring  the  silnrian  period  rery  considerable  outflows  of  sub* 
marine  trap  were  emitted,  which  were  naturally  of  limited  extent ;  that  these  out* 
flows  probably  took  place  in  several  localities  and  at  seyeral  distinct  intervals  of 
time.'  During  the  whole  period  of  these  eruptions  continuous  deposition  of 
stratified  material  was  taking  place ;  the  strata  resulting  from  which  became 
intimately  mixed  up  and  amalgamated  with  the  trap,  so  that  it  is  now  extreme- 
ly difficult,  or  impossible,  to  distinguish  the  different  factors  of  the  strata.  In 
certain  localities,  as  at  Mdnasbal,  the  outflows  of  trap  must  have  continued  to 
take  place  during  a  part,  or  the  whole,  of  the  carboniferous  period,  and  have  ren. 
dered  the  rocks  of  that  period  also  difficult  of  recognition.  This  explanation  is 
the  only  probable  one  presenting  itself  of  the  Lidar  valley  section,  as  it  seems  in 
the  highest  degree  improbable  that  the  difference  of  mineralogical  composition  of 
the  silnrian  strata  on  the  two  sides  of  the  first  band  of  carboniferous  rocks  below 
Palgdm  could  have  been  produced  by  metamorphic  action,  as  such  action  must 
have  affected  the  adjacent  rocks.  On  the  hypothesis  of  the  traps  being  of  igneous 
origin,  their  local  distribution  is  what  would  have  been  expected  to  occur. 

LimiU  of  lower  Lidar  carboniferous, -^To  the  eastward  and  westward  of 
Eishmakam  the  carboniferous  and  newer  rocks  gradually  die  out ;  the  closely  fold, 
ed  strata  opening  out  in  either  direction  into  distinct  anticlinals  and  synclinals. 

Bearing  on  Pir-Panjdl  section.^-The  now  firmly  established  occurrence  of  la- 
terally folded  and  inverted  strata  in  the  lower  Lidar  valley,  is  strongly  confirma- 
tory of  the  view  expressed  in  an  earlier  volume  of  this  publication,*  that  the 
rocks  of  the  Pir-Panj41  range,  on  the  opposite  side  of  the  valley  of  K&hmfr, 
have  likewise  been  inverted  and  folded  in  a  very  similar  manner,  as  it  is  highly 
probable  that  the  same  lateral  thrust  which  folded  the  Lidar  valley  rocks  would 
have  acted  in  the  same  manner  on  those  of  the  Pir-Panjal  rocks. 

Identity  of  ihe  EishmaJcdm  rocks  with  the  Kiol  limestone  of  the  outer  Ai7Z*.— The 
limestones  and  associated  green  and  purple  slaty  shales  of  Eishmakdm,  belonging 
]>artly  to  the  carboniferous  and  partly  to  the  trias,  are  absolutely  indistinguish- 
able from  the  higher  part  (on  the  hypothesis  of  inversion)  of  the  so-called  Kiol 
series  of  the  outer  hills  of  the  Himalaya,  as  exhibited  in  the  gorge  of  the  Jhelam 
at  Uri  (Ooree*).  These  rocks  have  hitherto  been  referred  provisionally  either 
to  the  carboniferous  or  the  trias,  and  it  now  appears  to  me  to  be  almost  certain 
that  they  contain  representatives  of  both  periods. 

Limestones  of  the  south-eastern  end  of  the  valley  of  Kdshmir, — The  limestones 
and  associated  rocks  at  the  south-easterly  end  of  the  valley  of  Kdshmfr  have 
already  been  referred  to  by  myself  as  of  carboniferous  age,  since  I  obtained  from 
them  a  considerable  series  of  fossils  characteristic  of  that  period.  These  fossils, 
however,  occur  solely  in  shaly,  cherty,  and  calcareous  beds  at  the  base  of  the 
g[reat  limestone  series,  chiefly  on  two  lines  running  from  north-west  to  south- 
east through  Shdhab&d,  and  from  SAgam  to  a  point  south-east  of  the  Marbal 

'  Tliis  explanation  ii  merely  a  fuller  form  of  the  one  which  is  given  on  page  35  of  Vol.  XI 
of  this  publication. 

*  Supra,  VoL  IX,  p.  161. 

*  Vide  Supra,  Vol.  IX,  p.  168. 
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pass.  Hitherto  tbe  whole  of  the  limestoses  overlying  these  fossilileioiiB  rocks  have 
been  classed  with  the  carboniferous,  but  from  their  identity  in  composition  with 
the  triassic  rocks  already  described,  some  of  them  must'  now  be  referred  to  the 
latter  period.  These  carboniferous  and  triassic  rocks  probably  form  a  synclinal 
ellipse.  On  their  southern  boundary  it  seems  probable  that  their  original  relations 
have  been  disturbed  by  faulting,  and  that  the  trias  is  in  immediate  contact  with 
the  Silurian.  The  northern  boundary  is  apparently  a  normal,  though  frequently 
an  inverted  one,  and  the  carboniferous  must  consequently  occur  between  the  trias 
and  the  silurians,  though  I  have  not  yet  succeeded  in  discovering  carboniferous 
fossils  on  this  line.  The  two  lines  of  carboniferous  rocks  at  Sigdm  and  Shahi^ 
bdd  are  anticlinal  axes. 

Limestones  of  north'-westem  end  of  Kashmir  valley. — During  the  past  season  I 
have  had  no  opportunity  of  revisiting  the  limestones  of  Trigama  (Trignmma)  at 
the  north-westerly  end  of  the  K&shmir  valley,  described  in  an  earlier  paper^  as 
carboniferous.  It  is  not  improbable  that  triassic  rocks  occur  also  in  this  region, 
but  any  decisive  statement  must  be  deferred  until  I  have  had  an  opportunity  of 
revisiting  the  spot. 

Comparison  with  Br,  Verchere^s  tec^tofM.— -In  his  memoir  on  the  ''  Geology  of 
Kashmir,  etc.,*  "  the  late  Dn  Yerchere  described  at  some  length  the  limestone 
series  of  K^hmfr.     He  divided  these  rocks  into  three  groups,  which  he  termed 
the  Ziawan  (Zeeawan)  beds,  the  Wian  (Weean)  beds,  and  the  Kothair  beds ;  and 
provisionally  classed  the  whole  of  them  as  carboniferous,  though  he  expressed 
some   doubts  whether   the   latter   might  not  be  of  triassic  age.'    The  Ziawan 
beds  correspond   with  those   which  have  been  classed  by  myself  as  carboni- 
ferous, and  alone  contain  the  very  characteristic  carboniferous  genera,  such  as 
Produdus,  Orthis,  Spirifery  Fenestelliij  Phillipsia,  etc.     The  Wian  beds  do  not  con- 
tain any  of  the  above  genera,  and  I  have  not  succeeded  in  finding  many  fossils  in 
them   myself.     Dr.  Verchere,  however,  states*  that  they  contain  the  genera  8pi- 
riferina,   SolenopsiSf  Oardinia  or  Anthracosia^  Axiniis,  Avieulopeden^  and  Ghnic 
tites ;  and  it  is  probably   from  these  beds  that  my  Megahdon  was  derived.     Of 
these  genera  there  have  been  obtained  Spiriferina^  Solenopsis,  and  AvictUopecten  in 
the  undoubted  carboniferous  beds  (Zfawan  beds),  but  there  are  no  others  conunon 
to  the  two,  and  such  of  the  species  as  have  been  determined  are  distinct.'   Of  these 
genera,  Avdhracosia  may  be  left  alone,  as  it  is  quite  likely  to  be  Cardinia :  Sole- 
nopsis  in  Europe  is  not  found  above  the  carboniferous,  but  this  genus  is  evidently 
the  ancestor  of  Soleti,  and,  therefore,  would  be  expected  to   have  lived  to  a  later 
period  :     Aviculoyecten  is  not  known  above  the  permiau ;  Spiriferina,  Axinus  and 
Goniatites  range  into  the  trias,  or  higher :  and  Megalodon  is   unknown  before  the 
latter  period.     The  Spiriferina  Dr.  Verchere*  distinguishes  at  once  from   S.  octo^ 

«  Supra,  Vol.  XI.  p.  49. 

•  J.  A.  S.  B.,  Vol.  XXXV,  pt  II. 

•  Loe,  eit,  p.  191. 
«  Jbid.,  p.  169. 

•  The  Avieulopecten  is  snid  to  be  the  same  as  A.  dittimilis  of  the  Eoropean  carboni- 
ferous. But  from  the  difficulty  of  determiuing  imperfect  foMlIs  of  this  group,  the  identificatioa 
is  doubtful. 

'  Loc,  cii. 
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plieaia  of  the  Ziawan  beds,  and  identifies  provisionally  with  8.  gtracheyi  of  Salter* 
which  occnrs  in  the  upper  trias   (Lilang)   of  Spiti.^     It  thus  appears,  assuming 
the  correctness  of  Dr.  Yerchere's  identifications,  that  the  Wian  beds  contain  a 
fauna  presenting  both  carboniferous  and   triassic  elements,  with  at  least  one 
fossil  characteristic  of  the  upper  part  of  the  latter  formation.     On  these  grounds, 
and  from  the  distinctness  of  the  fauna  from  that  of  the  true  carboniferous,  I  am 
inclined  to  think  that  the  Wian  beds  may  be  the  representatives  of  the  lower  trias, 
or  possibly  also  of   the  permian,   and  they  have  accordingly  been  provisionally 
classed  with  the  trias,  with  which  they  form  a  continuous  series.     Dr.  Yerchere, 
who  classed  these  beds  with  the  carboniferous,  appears  to  have  had  considerable 
doubts  of  the  correctness  of  his  view.'     From  their  mineralogical  composition 
the  Wian  beds  are  almost  certainly  the  same  as  the  lower  part  of  the  series 
classed  as  trias  in  the  neighbourhood  of  the  Kashmir  valley,   which  at   Sonamarg 
has  yielded  Anvmonites  gerardi — an  upper  triassic  form  in  Spiti.     The  few  fossils 
known  from  these  rocks  show  how  extremely  intimate  is  the  paladontological  con- 
nection of  the  whole  series,  and  how  a  complete  unison  is  indicated  between  the 
palsBO— and  mesozoics.     According  to  Dr.  Yerchere,  part  of  the  M&nasbal  limestone, 
and  the  lower  part  of  that  in  the  neighbotlrhood  of  IsUmabdd,  belongs  to  the 
Wian  group.     The  Kothair  beds,  which  are  undoubtedly  triassic  (if  not  in  part 
newer),  contain,  according  to  Dr.  Yerchere,  numerous  gasteropods,  generally  in  a 
fragpientary  condition  ;  these  were  conjectured  to  belong  to  the  following  genera, 
viz.f  Naticopsis,   Macrochilus,  Ghemnitzia^  Loxonema,   and  Nerinoea.     These   beds 
probably  contain  the  representatives  of  the  Para  limestone  of  Spiti ;  it  remains  to 
be  seen  whether  the  Lilang  group  is  also  represented  in  them,  or  whether,  as  in 
Spiti,  this  group  immediately  overlies  the  carboniferous,  in  which  case  it  would  be 
represented  by  the  Wian  beds.     It  may  be   added  that  the  undoubted  carboni- 
ferous of  Kishmir  contains   similar  fossils  to  the  carboniferous  (Kuling)   of 
Spiti,  referred  by  Dr.  Stoliczka  to  the  upper  part  of  that  period,  and  it  is  there- 
fore almost  certain  that  the  strata  immediately  succeeding  these  rocks  must  be 
either  permia;n  or  trias. 

III. — General  Remarks. 

Oeneral  Bemarhs. — In  the  present  section  of  this  paper,  I  propose  to  notice 
certain  points  in  the  geology  of  the  K&hmir  and  neighbouring  Himalaya  which 
could  not  very  conveniently  be  included  in  the  preceding  sections.  I  may,  firstly 
observe  that,  with  the  exception  of  the  area  to  the  north-west  of  the  valley  of 
Kashmir,  the  greater  part  of  the  territories  of  K&hmir  have  now  been  prelimi- 
narily examined  geologically,  and  that  although  a  vast  amount  of  even  prelimi- 
nary (to  say  nothing  of  detailed)  work  remains  to  be  accomplished,  yet  that  we 
are  now  in  a  position  to  be  able  to  form  a  fair  general  idea  of  the  distribution  of 
the  different  component  rocks,  and  in  most  cases  to  arrive  at  a  tolerably  dose 
approximation  to  their  geological  age.  The  district  of  Badrawdr,  lying  to  the 
south-east  of  Kashmir,  is  not,  indeed,  yet  coloured  in  on  our  maps,  but  from  a 
traverse  made  of  it  by  the  late  Dr.  Stoliczka,  and  from  several  notes  occurring 

>  M.  G.  S.  I.,  Vol.  V,  p.  38. 
*  Loe,  eit,,  p.  170. 
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in  Mr.  F.  Drew's  above-qnoted  work,  it  seems  tliat  the  rocks  of  this  district  are 
mainly  snb-metamorphic  and  metamorphic,  and  doubtless  represent  the  silnrian  and 
possibly  older  rocks.  Badrawdr  seems,  therefore,  to  be  a  district  where  further 
geological  investigation  would  not  be  likely  to  add  much  to  our  store  of  knowledge. 
Again,  portions  of  the  Pf  r-Panj41  range  remain  ur coloured,  but  it  is  quite  certain 
that  these  areas  consist  mainly,  if  not  entirely,  of  Silurian  and  gneissic  rocks,  and  it 
is  only  their  exact  distribution  which  remains  to  be  determined.  I  now  propose, 
to.  make  a  few  remarks  on  the  different  formations  of  various  areas  in  regard  to 
which  the  past  season's  work,  or  information  acquired  since  my  last  paper  was 
published,  has  supplied  additional  materials  for  a  more  correct  determination  of 
geological  age  and  topographical  distribution.  In  the  course  of  these  remarks 
I  shall  have  occasion  to  make  use  of  some  valuable  information  kindly  commu- 
nicated  to  me  by  Lieutenant- Colonel  Godwin-Austen,  whose  knowledge  of  a 
great  portion  of  the  western  Himalaya  is,  perhaps,  greater  than  that  of  any 
person,  living  or  dead.  My  remarks  will  be  mainly  arranged  according  to  the 
geological  age  of  the  rocks  treated  of. 

Nummulitics  of  Indus  valley, — In  my  last  paper  on  Himalayan  geology,  the 
nummulitics  of  the  upper  InduB  valley  were  described  at  some  length,'  and  a 
note  appended  ^  to  the  effect  that  a  specimen  of  the  genus  Hippurites  was  said 
to  have  been  observed  at  Khalchi  (Kulsi  Kalatys,  Kalatse,  or  Kalatzi)  by 
Lieutenant-Colonel  Godwin- Austen.  At  the  time  of  writing  that  note  it  did  not 
occur  to  me  that  the  hippurite  could  have  been  obtained  from  the  nummulitic 
series,  and  I  therefore  doubted  its  authenticity,  as  its  locality  did  not  seem  well 
established,  and  I  could  not  detect  any  cretaceous  rocks  (Chikkim  limestone)  at 
Khalchi,  distinct  from  the  nummulitics.  I  have  subsequently  received  a  letter 
from  Colonel  Godwin- Austen,  in  which  I  am  informed  that  the  fossil  considered 
to  be  a  hippurite  really  came  from  the  limestone  of  Khalchi,  and  that  from  the 
same  beds  the  writer  also  obtained  a  curved  cephalopodous  shell  which  he  thinks 
may  be  a  species  of  Samites,  In  the  section  of  the  Indus  valley  rocks  given  in 
the  above 'quoted  passage  of  my  paper,  the  Khalchi  limestone  is  shown  to  occur 
about  the  middle  of  the  section,  and  to  contain  fossils  which  were  considered  to 
be  probably  nummulites ;  while  more  to  the  eastward  apparently  the  same  limestone 
contains  undoubted  nummulites.  During  my  last  trip  I  also  obtained  a  species 
of  Turbo  from  the  Khalchi  limestone.  If  Colonel  Austen's  fossils  are  rightly 
determined,  and  I  see  no  reason  to  doubt  the  determination,  and  if  there  be  no 
unconformity,  of  which  there  appears  to  me  to  be  no  trace^  we  have  the  very 
remarkable  fact  of  the  association  of  cretaceous  and  nummulitic  fossils  in  the 
Khalchi  limestone,  and  there  consequently  arises  the  question  as  to  whether  the 
Indus  valley  beds  are  rightly  referred  to  the  eocene.  It  may  be  observed  that 
the  cretaceous  rocks  of  the  Zanskdr  and  Spiti  basins,  known  as  the  Chikkim 
limestone,  consisting  of  buff  limestones,  are  totally  unlike  any  of  the  rocks  of  the 
Khalchi  section,  and  contain  only  typical  cretaceous  fossils,  and  that  no  traces 
of  the  Indus  valley  beds  are  found  overlying  them.     It  would,  therefore,  appear 

»  5«;>ra,  Vol.  XZII,  p.35. 
'  Ibid.,  p.  37. 
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that  tbe  Indus  valley  beds  are  totally  distinct  from  the  true  cretaceous,  and  that 
we  mnst  consequently  regard  the  presumed  admixture  of  cretaceous  and  eocene 
fossils  in  them  as  indicative  of  the  survival  of  some  members  of  the  cretaceous 
fauna  into  the  eocene  period.  In  other  parts  of  India,  as  in  Sind  and  the  Khasi 
hills,  the  cretaceous  series  seems  to  pass  imperceptibly  into  the  eocene,  and  these 
Indus  valley  fossils  seem  to  show  that  there  would  be  probably  in  this  district 
also  no  hard  and  fast  line  of  demarcation  between  the  two  formations,  if  there 
existed  a  continuous  section  of  strata.  From  what  has  been  already  said, 
however,  in  relation  to  the  cretaceous  of  Zdnskar  and  Spiti,  it  is  probable  that 
there  has  been  in  those  regions  a  break  in  deposition  between  the  true  cretaceous 
and  the  eocene.  From  the  presence  of  nunmiulites  and  other  eocene  fossils  in 
the  Indus  valley  beds,  I  think  they  must  undoubtedly  continue  to  be  ranked 
with  the  eocene.  I  infer  from  Mr.  Oreisbach's  paper  on  the  geology  of  the  more 
easterly  Himalaya  ^  that  in  that  region  also  there  is  a  break  between  the  creta- 
ceous and  eocene,  though  the  sentence  is  not  very  clear. 

Alleged  eocene  m  Ohang-Ohenmo  valley, — On  page  34  of  my  paper  already 
quoted,  allusion  is  made  to  certain  rocks  in  the  Chdng-Chenmo  valley  which 
greatly  resemble  the  Lad^k  eocenes,  and  which  Dr.  Stoliczka  thought  might 
possibly  be  the  same.  I  myself,  from  what  I  observed  of  the  relations  of  these 
rocks  to  the  trias,  was  very  strongly  inclined  to  doubt  their  tertiary  age.  Since, 
however,  I  have  come  to  the  conclusion  that  some  of  the  Drds  rocks,  which  are  so 
intimately  mixed  up  with  the  palsBOZoic,  are  probably  tertiary ;  and  since  some  notes 
connnunicated  to  me  by  Colonel  Godwin- Austen  on  the  Chdng-Chenmo  rocks  are 
strongly  in  &vour  of  the  presence  there  of  representatives  of  the  eocene,  I  think 
that  my  first  opinion  may  be  erroneous.  Colonel  Austen  mentions  that  these  rocks 
are  well  seen  under  Kiepsang  station,  to  the  north  of  the  Chdng-Chenmo  valley, 
and  that  in  the  head  of  one  of  the  large  tributary  streams  east  of  that  point  they 
may  be  observed  resting  on  the  palsBozoic  slates.  On  the  above  grounds  some 
patches  of  tertiary  have  been  provisionally  introduced  into  the  map  near  the 
above-mentioned  locality ;  the  exact  distribution  and  conformation  of  the  age  of 
these  beds  must,  however,  be  reserved  for  a  future  occasion . 

Jura-tfias  of  Zdrukdr  and  Laddk  basin, — On  -page  61  of  my  last  quoted  paper, 
there  is  a  note  given  referring  to  certain  fossils  said  to  have  been  obtained  near 
Licholung-L^  in  Sum,  but  which  I  thought  not  improbably  came  from  the 
Lichi-Long-La  in  Bupsu.  Colonel  Godwin-Austen,  the  discoverer  of  the  fossils 
in  question,  has  informed  me  that  my  conjecture  is  correct,  and  that  consequently 
in  the  passage  of  the  "  Quarterly  Journal  of  the  Geological  Society*  "  where  the 
fossils  are  noticed,  the  word  Bupsu  should  be  substituted  for  Sum.  The  said 
fossils  were  stated  by  Mr.  Davidson  to  be  either  of  creteiceous  or  Jurassic 
.  age,   but     from    the    occurrence    of    triassic    rocks    in  the  immediate  neigh- 

bourhood of  the  spot  where  they  were  obtained,  there  can  be  little  doubt  but 
that  they  are  of  lower  Jurassic  age  (lower  Tagling  limestone,  =  P  lower  lias)  : 
this  is  confirmed  by  the  fossils  having  been  obtained  from  a  light  gray  limestone, 
whereas  the  cretaceous  (Chikkim)   limestone  is  buff  or  white.     It  may,  there- 

»  Supra,  Vol.  XIII,  p.  91. 
•  Vol.  XXII;  p.  38. 
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fore,  be  taken  as  a  fact  that  lower  Jurassic  strata  occur  in  the  neighbourhood  of 
the  Lachi-Long-Ld.  As  I  -was  quite  unable  to  distinguish  these  strata  from  the 
subjacent  trias,  with  which  they  form  one  geological  series,  it  is  pretty  evident 
that  Jurassic  strata,  as  I  have  previously  suggested,  must  form  a  considerable 
part  of  the  Zanskdr  and  Laddk  basin.  It  will  be  a  work  of  extreme  difficulty, 
even  if  it  be  always  practicable,  to  define  the  limits  of  these  different  strata  in 
this  mountainous  and  inhospitable  district.  In  the  meantime  I  prefer  provision- 
ally to  continue  to  term  the  rocks  of  this  basin  jura-tiias,  using  the  term  not 
in  the  sense  that  Jurassic  and  tiiassic  fossils  are  found  intermingled  in  the  same 
beds,  which  is  not  the  case,  but  as  indicating  that  the  rocks  in  question  form 
one  homogeneous  geological  and  petrological  series,  distinguished  by  the  uni- 
versal presence  of  dolomites  and  limestones.  In  the  general  absence  of  fossils  in 
many  parts  of  this  series,  it  seems  at  present  very  difficult  to  divide  it  into  its 
different  pala&ontological  factors.^  This  suggests  that  there  may  be  Jurassic  rocks 
among  the  Kashmir  limestone  series,  but  I  am  at  present  quite  unable  to  say 
whether  this  be  so  or  not. 

Conformity  of  trials  and  carboniferous  in  Kashmir, — As  will  have  been  gathered 
by  the  reader  of  the  present  and  preceding  papers  of  the  same  series,  it  is 
apparent  that  in  Kashmir  and  the  immediately  neighbouring  districts,  the  triassic 
series  is  conformable  to  the  underlying  carboniferous,'  the  rocks  of  the  two 
periods  passing  into  one  another  by  imperceptible  degrees.  This  relation  opens 
up  a  very  important  question  as  to  the  exact  age  of  the  rocks  overlying  the  un- 
doubted carboniferous ;  that  is,  to  what  portion  of  the  triassic  or  neighbouring 
periods  they  belong.     In  regard  to  this  question  it  will  be  necessary  to  refer  to 

>  The  sense  in  which  the  term  jura-trias  is  here  used  corresponds  with  the  acceptatioQ  which 
it  has  received  in  America.    Thus,   Professor  Le  Conte  says  :     ("  Elements  of  Qeology,"  p.  439, 
New  York,  ^879),  "  we  have  already  explained   that  these  two   periods  (jura  and  trias)  are  not 
well   separated  in  America,     This  is  partly  on  account  of  the  poverty  of  fossils,  and  partly  on 
account  of  the  continuity  of  conditions  throughout.     It  seems  hest,  therefore,  in  the  present  state 
of  knowledge,  to  treat  them  together  as  one  period."     Similarly,  in  peninsular  India,  the  great 
series  of  rocks  collectively  known  as  the  gondwina  system  comprehends  a  succession  of  strata 
which,  from  their  unity  of  physical  conditions,  are  rightly  classed  as  one  immense  formation,  though 
they  comprehend  rocks  corresponding  to  those  of  more  than  one  geological  epoch, — mainly  to  the 
trias  and  jura.    In  other  cases,  however,  the  conjoint  names  of  two  geological  formations  applied 
to  one  rock-series  may  indicate  not  only  that  such  rock -series  is  the  equivalent  in  time  of,  at  all 
events,  part  of  the  two  formations  named,  hut  also  that  there  is  a  mingling  of  the  fossils  of  both 
formations  in  the  same  strata.    In  this  double  sense  I  have  elsewhere  (Journ.  As.  Soc,  Bengal, 
Vol.  XLIX,  Pt.  II,  p.  23}  used  the  term  mio-pliocene  for  the  siwaliks.    The  use  of  an  analogous 
term  might  at  first  sight  be  justified  in  the  case  of  the  mingling  of  eocene  and  cretaceous  fossils 
noticed  above ;  in  that  instance,  however,  there  is  no  evidence  to  show  that  any  portion  of  the 
strata  in  question  coiTesponds  in  time  to  the  cretaceous  epoch,  the  mingling  of  fussila  being 
probably  due  to  the  survival  of  the  organism  of  one  epoch  into  the  succeeding  one. 

«  The  fossils  collected  by  Colonel  Austen  from  the  carboniferous  of  K&shm£r  were  determined 
by  Mr.  Davidson  (Quar.  Journ.  Geol.  Soc.,  London,  Vol.  XXII,  p.  39),  by  whom  no  doubt  was 
entertained  as  to  the  age  of  the  strata  from  which  they  were  obtained.  The  fonsib  described  ou 
pp.  35, 36  of  the  same  volume,  as  from  Shigar,  were  also  obtained  from  the  Kashmir  carboniferous. 
The  discovery  of  a  trilobite  in  the  Kashmir  rocks  strongly  confirms  their  carboniferous  age^  as 
the  order  died  out  before  the  close  of  that  period. 
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some  obserrations  wliicb  Have  lately  been  published  in  relation  to  tbe  contem- 
poraneons  rocks  of  the  more  easterly  Himalaya. 

2Vmw  and  carboniferous  of  Hundes. — In  the  district  of  Hundes,  to  the  north 
of  tbe  Niti  pass,  Mr.  Griesbach  has  examined  a  complete  series  of  the  trias,  con- 
taining fossils  throughout.  This  series  of  rocks  Mr.  Grriesbach  has  described  in 
a  recent  number  of  the  "  Becords/'^  and  has  shown  that  it  ranges  from  the  rhsBtic 
to  the  lower  trias.  Mr.  G-riesbach  further  states^  that  the  lower  trias  is  un- 
conformable to  the  carboniferous.  This  latter  fact  shows  that  there  is  a  great 
difference  in  the  relations  of  the  two  series  of  rocks  in  the  western  and  eastern 
Himalaya,  and  it  now  remains  to  briefly  compare  the  two  series. 

Comparison  of  Kdshmiy'^  and  HUndes  trias. — In  the  absence  of  a  characteristic 
series  of  fossils  in  the  trias  of  Kdshmir,  it  is  difficult  to  institute  an  exact 
comparison  of  horizons  with  the  highly  fossiliferous  trisbs  of  Hundes.  11, 
however,  the  sections  given  by  Mr.  Griesbach,  in  the  paper  already  quoted,  be 
compared  with  the  descriptions  given  above,  it  will  be  pretty  evident  that  the 
whole  of  the  rocks  classed  by  him  as  trias  and  rhsBtic  correspond  to  the  rocks 
classed  by  myself  as  trias.  Consequently  the  presumption  is,  that  when  we 
have  a  continuous  section  from  the  carboniferous  to  the  rhaatic,  the  whole  of  the 
trias  is  present.  Here,  however,  a  difficulty  presents  itself,  since,  according  to 
Dr.  Stoliczka,*  in  the  Spiti  district,  the  upper  trias  overlies  the  carboniferous 
with  local  unconformity,  but,  as  I  gather  from  Dr.  Stoliczka's  notes,  generally 
conformably.  In  Kashmir,  as  I  have  said,  I  cannot  discover  characteristic 
fossils  in  the  trias  immediately  above  the  carboniferous.  In  other  places,  as  at 
Shai*gol,  in  Lad&k,*  and  at  Gurez,  a  large  species  of  Megalodon  is  of  common 
occurrence.  At  Shargol,  as  stated  in  the  passage  quoted  above,  this  fossil  was  not 
found  in  sUu,  but  at  Gurez  it  was  observed  that  the  horizon  in  which  it  occurs 
is  situated  at  a  great  distance  above  the  carboniferous.  With  regard  to  the 
horizon  of  this  Megalodon^  it  has  been  stated  in  the  passage  quoted  that  the 
species  appears  to  ag^ee  with  one  from  the  keuper  of  Europe,  although  a  species 
is  described  by  Dr.  Stoliczka  and  Mr.  Griesbach  from  the  rhaBtic.  From  the 
position  of  the  Shargol  limestone  in  relation  to  the  underlying  presumably 
carboniferous  rocks,  and  to  other  overlying  rocks  which  appear  to  correspond 
to  the  rheetic  of  Mr.  Griesbach,  it  seems  that  the  Megalodon  horizon  is  probably 
of  upper  triassic  age  (keuper) .  If  this  be  so,  there  would  be  abundant  space 
in  the  lower  part  of  the  Shargol  and  Gurez  limestones  for  the  lower  trias, 
which,  according  to  the  section  given  by  Mr.  Griesbach,  is  of  no  great  thickness. 
As  I  have  not  myself  visited  Spiti  I  cannot  say  whether  or  no  there  is  space 
enough  there  for  the  lower  trias  ))etween  the  fossiliferous  beds  and  the  carboni- 
ferous, but  if  the  series  be  conformable,  the  presumption  is  that  representatives 
of  the  lower  trias  must  occur  there  also. 

>   Vol.  XIII,  p.  94  tf<  fe^. 
■  lUd.,  p.  86. 

*  Here  and  in  succeeding  paragraphs  I  use  the  term  KiLshmfr  in  a  wide  sense,  as  including 
the  neighbouring  districts  belonging  to  the  same  kingdom. 

«  Mem.  Qeol.  Surv.  India,  Vol.  V,  p.  24. 

*  Snpra,  Vol.  XIII,  p.  44. 
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Absence  of  penman^  and  age  of  Kuling  ehales.^^'Dv.  Stoliczka  was  nnable  to 
determine  any  representatives  of  the  permian  in  the  fossiliferons  rocks  of  Spiti, 
and  therefore  this  formation  is  omitted  here,  as  we  cannot  point  to  anj  rocks 
which  can  correspond  to  it,  though  we  have  hinted  at  the  possibility  of  some  of 
the  Kfishmir  rocks  corresponding  to  this  period.  Mr.  G-riesbach^  has  attempted 
to  account  for  the  absence  of  the  permian  in  the  Himalaya  by  oiMTiTm'pg  that  the 
break  which  he  finds  between  the  lower  trias  and  the  carboniferous  in  Hundes 
is  of  universal  occurrence  throughout  the  Himalaya ;  and  upon  this  supposition  he 
proceeds  to  institute  a  comparison  between  the  Himalayan  and  Alpine  rocks 
which,  from  what  has  already  been  said,  must  manifestly  be  of  only  local  appli- 
cation. Mr.  Gbriesbach  indeed  has  omitted  to  notice  previously  published  observ- 
ations relating  to  the  conformity  of  the  carboniferous  and  trias  in  the  Kdshmir 
district,  and  apparently,  in  order  to  bring  the  rocks  of  neighbouring  districts 
into  harmony  with  his  own  section,  has  come  to  the  conclusion*  that  certain 
carbonaceous  shales  forming  the  upper  portion  of  the  so-called  Kuling  series 
of  Spid,  referred  by  Dr.  Stoliczka  to  the  carboniferous,*  really  belong  to  the 
lower  trias.  As  the  proposed  change  has  a  direct  bearing  on  the  question 
of  the  age  of  some  of  the  rock-groups  treated  of  in  this  and  the  preceding  papers 
of  the  same  series,  it  is  incumbent  on  me  either  to  admit,  with  all  its  conse- 
quences, this  proposed  change  or  to  show  reasons  why  it  should  not  be  accepted. 

Mr.  G-riesbQ<;h's  main  reasons  for  assigning  the  shales  in  question  to  the  lower 
trias,  appear  to  be  that  they  are  very  similar  in  mineralogical  composition  to 
certain  beds  in  Htindes,  which  he  has  referred  to  that  period,  and  also  that  they 
contain  fossils  which  are  said  to  be  probably  the  same  as  some  of  those  found  in 
the  latter  beds.'  The  statement  in  regard  to  the  fossils  is  founded  on  a  comparison 
made  by  Mr.  Griesbach  between  his  own  specimens  from  Htindes  and  those 
collected  by  Dr.  Stoliczka  in  the  Kuling  shales  Unfortunately  these  fossils  are 
neither  generically  nor  specifically  referred  to,  and  accordingly,  though  it  would 
appear  from  Mr.  Griesbach's  inferences  that  they  present  resemblances  to  the 
fossils  of  beds  which  he  calls  lower  trias,  we  cannot  discuss  the  bearing  of  their 
evidence  on  the  case.  Certain  fossils  have,  however,  been  specifically  determined  by 
Dr.  Stoliczka  from  the  Kuling  shales,  and  as  some  of  them  are  widely  distributed, 
we  may  consider  their  bearing  on  the  question.  Among  these  fossils  there 
commonly  occurs  Productus  eemirettculaiusy  which  has  hitherto  been  considered, 
both  in  Europe,  Australia,  and  India,  as  exclusively  characteristic  of  the  carboni- 
ferous.* 

This  fossil  apparently  does  not  occur  in  that  portion  of  the  Hdndes  series 
referred  to  the  lower  trias,  but  is  of  extremely  common  occurrence  in  the  so- 

•  Loe.  oit,  pp.  ee,  98, 108. 
«  Ihid.,  p.  104. 

•  *«  Mem.  GeoL  Snrv.,  India,"  Vol.  V,  p.  24. 

«  Some  of  the  comments  upon  Br.  Stoliczka's  reason  for  the  determination  of  the  age  of  the 
Kuling  shales  made  hy  Mr.  Orieshach,  appear  somewhat  peculiar.  Dr.  Btoliczka  is  said  to  have 
arrived  at  his  conclusions  mainly  from  the  absence  of  knaum  trioMne  foseiU,  whereas  it  would  appear 
to  most  ohservers  that  his  conclusions  were  founded  on  the  presence  of  known  carboniferous  fossU^^ 

•  Koninck :  '*  Monographic  du  genre  Productus,"  p.  88.  Stolicska  :  « Mem.  Qeol.  Surr. 
India,"  Vol.  V,  pp.  135,  342,  360. 
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called  Ziawaa  beds  of  K&shmir.  A  comparison  of  two  specimens,  the  one 
collecucd  by  myself  from  the  latter  beds,  and  the  other  by  Dr.  Stoliczka  from  the 
Ruling  shales,  shows  that  the  appearance  and  mineraJogplcal  condition  of  the 
specimens  from  the  two  areas  is  so  similar,  that  if  mixed  together,  it  wonld  be  im- 
possible to  assign  them  to  their  respective  localities.  This  fact  alone  affords  a 
very  strong  presumption  of  the  homotaxial  equivalency  of  the  beds,  especially 
when  it  is  supported  by  the  fact  that  the  fossil  in  question  is  only  found  in  one 
period  in  Europe ;  this  presumption  is,  however,  almost,  if  not  entirely,  converted 
into  a  certcdnty  by  the  following  points.  In  the  Kashmir  section,  the  fossil  in 
question  occurs  solely  in  the  Ziawan  beds,  and  is  conspicuous  by  its  absence  in 
the  immediately  overlying  Wfan  beds,  from  which  a  considerable  number  of  fossils 
have  been  obtained,  and  which  we  have  provisionally  referred  to  the  trias. 

If  the  Ruling  shales  are  newer  than  the  Ziawan  beds,  Froductus  semireticulatus 
ought  to  range  up  into  the  Wian  beds  of  Kashmir,  which  we  have  seen  is  not 
the  case,  as  it  is  in  the  highest  degree  improbable  that  in  two  nearly  adjacent 
areas  a  fossil  should  have  a  completely  different  vertical  distribution. 

Precisely  the  same  conclusions  must  be  arrived  at  from  the  occurrence  of 
two  other  fossils, — Spirifer  raja  and  8.  moosdkhaliensiSf — which,  according  to 
Dr.  Stoliczka, '  occur  both  in  the  Ruling  shales  and  in  the  R&shmir  rocks.  It  may 
accordingly  be  taken  as  practically  certain  that  the  Ruling  shales  of  Spiti,  to- 
gether wiUi  the  accompanying  rocks  of  the  same  series,  are  the  equivalents  of  the 
Ziawan  beds  of  Rdshmir.  Consequently  if  the  former  are  referred  to  the  lower 
trias,  the  latter  must  be  also.  Now,  the  Zfawan  beds  contain  so  many  genera  and 
species  exclusively  characteristic  of  the  carboniferous  both  of  Europe  and 
Australia,'  that  all  must  be  referred  to  one  and  the  same  period.  On  these 
grounds,  it  appears  to  me  that  Dr.  Stoliczka's  determination  of  the  age  of  the 
Ruling  shales,  and  associated  beds  classed  in  the  same  series,  so  far  from  having 
been  demonstrated  to  be  incorrect,  is  strongly  supported  by  all  the  decisive 
evidence  available.  It  may  be  added  that  it  would  be  entirely  beyond  the  scope 
of  the  present  paper  to  consider  whether  the  rejection  of  the  new  view  in  regard 
to  the  age  of  these  rocks  at  all  affects  the  age  assigned  to  any  of  the 
beds  in  the  Hiindes  series;  and  also  that  it  appears  doubtful  to  me,  whether 
Mr.  Griesbach  intended  to  refer  only  the  Ruling  shales  to  the  lower  trias,  or 
whether  the  whole  of  the  rocks  of  this  series  were  so  intended.  Either  view 
does  not  affect  the  conclusions  arrived  at  above ;  but  if  only  the  shales  were 
intended,  it  seems  a  somewhat  extraordinary  proceeding  to  separate  mineralogi- 
cally  different  portions  of  one  series  of  strata  containing  the  same  specific  fossils 
throughout  their  thickness. 

Comparison  of  carboniferous  of  Kdshmtr  and  Hundes. — T  am,  however,  by  no 
means  sure  that  the  "  white  quartzite  with  red  crinoid  limestone "  constitut- 
ing  the  rocks  classed  by  Mr.  Griesbach  in  Hundes  as  carboniferous^  corresponds 

>  Loe.  eU,,  pp.  25-850.  Spiriftr  raja  is  termed  by  Or.  Stolicska  8.  keilkavi,  he  oontldering 
them  synonymone  names  (2.  c,  p.  146) :  Mr.  DaTldson  (L  0.,  p.  40)  considerB  them  ae  dUtinctb 

*  See  Appendix. 

*  Xoe.  eit^  p.  85. 
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with  the  fossiliferons  carboniferous  of  Kiuhmir.  It  would  be  natural  to  suppose 
that  as,  according  to  Mr.  Griesbach,  there  is  a  break  in  the  former  district  at  the 
base  of  the  lower  trias,  rocks  of  a  lower  tjpe  would  occur  below  that  horizon 
than  below  the  trias  of  K&shmir,  where  there  is  no  such  break.  I  therefore  think 
it  by  no  means  improbable  that  Mr.  Griesbach's  carboniferous  is  reallj  the  lower 
carboniferous,  while  the  fossiliferons  rocks  of  Kashmir  and  Kuling  are  (as  was 
stated  to  be  the  case  with  the  latter  by  Dr.  Stoliczka,)  the  higher  members  of 
that  formation ;  the  lower  carboniferous  in  Kashmir  being  probably  included 
in  the  great  mass  of  rocks  which,  in  the  absence  of  fossils,  I  have  been 
compelled  to  class  together  as  silurian.  The  fossiliferons  carboniferous  rocks  of 
Kashmir  clearly  corresponding  mainly  to  the  Kuling  series  of  Spiti,  the  carboni- 
ferous of  Hiindes  is  not  improbably  the  equivalent  of  the  quartzitic  Muth  beds  of 
the  former  district ;  in  regard  to  which  Dr.  Stoliczka  was  doubtful  whether  they 
should  be  referred  to  the  lower  carboniferous  or  to  the  upper  silurian.  Rocks 
in  Lahul,  lately  referred  by  myself  provisionally  to  the  carboniferous,  ^  also  ag^ree 
so  closely  in  character  with  the  carboniferous  of  Hundes  and  with  the  Muth 
beds,  that  it  appears  to  me  probable  that  they  should  all  three  be  referred  to  the 
same  horizon. 

Garhaniferotts  of  Laddk. — Now  that  the  carboniferous  of  K&shmir  has  been 
distinctly  defined  as  a  zone  of  shaly  and  calcareous  rocks  at  the  base  of  the  great 
series  of  triassic  limestones  and  dolomites,  it  is  quite  evident  that  the  very 
similarly  constituted  series  of  rocks  occupying  a  corresponding  position  in  Ladak, 
described  in  my  last  paper  on  Himalayan  geology,  and  provisionally  referred  to 
the  carboniferous,  is  correctly  referred.  The  carboniferous  of  Laddk  is,  how- 
ever, thicker  than  that  of  Kashmir,  and  it  is  therefore  not  improbable  that  it 
includes  lower  beds,  perhaps  corresponding  to  the  upper  part  of  the  Silurians  of 
Kashmir,  and  to  the  Muth  beds,  and  carboniferous  of  Hundes.  In  Kashmir 
the  whole  of  the  rocks  below  the  fossihferous  strata  of  the  carboniferous,  as 
already  mentioned,  belong  to  one  homogenous  series,  which,  in  the  absence  of 
palsBontological  evidence,  cannot  be  subdivided,  and  has  accordingly  been  classed 
as  silurian,  though,  as  will  have  been  gathered  fi*om  the  foregoing,  it  is  probable 
that  it  may  contain  the  lower  carboniferous.  Similarly  it  would  seem  that  the 
representative  of  the  devonian  must  be  sought  in  this  series,  and  it  might 
perhaps  be  advisable  to  term  these  rocks  the  devonio-silurian  were  it  not  that 
no  devonian  fossils  were  recognised  by  Stoliczka  in  the  fossiliferons  palsoozoics 
of  Spiti. 

Intimate  connection  between  mesozoic  and  palceozoic  in  JTcwAwwr.— The  con- 
formity of  the  triassic  and  carboniferous  rocks  in  the  Kashmir  area,  and  the  diffi- 
culty of  exactly  defining  the  lower  limits  of  the  latter,  indicates  that  there  is  here 
absolutely  no  break  between  the  mesozoic  and  palaeozoic  rocks,  and  it  is  greatly 
to  be  regretted  that  the  majority  of  the  rocks  are  unfossiliferous,  as  if  a  perfect 
palsDontological  record  had  been  preserved  in  these  rocks,  it  is  probable  that 
the  faunas  of  the  two  epochs  might  be  brought  into  closer  relationship  than  at 
present.  Neither  in  Europe  nor  in  America  is  there,  I  believe,  any  instance  of 
an  uninterrupted  series  of  strata  from  the  paleeozoics  to  the  mesozoics,  a  break 

1  iSff^ra,  Vol.  XIII,  p.  63. 
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always  occurring  either  between  the  trias  and  the  permian,  or  between  the  latter 
and  the  carboniferous.' 

Norih'Westerly  extension  of  tricLS  of  Kishangangd  valley. — The  trias  of  the 
Eashangangi  vallej  has  only  been  traced  by  myself  a  comparatively  short  distance 
to  the  north-west  of  Gdrez.  Mr.  Yigne,  however,  in  his  sketch  map  illustrative 
of  the  geology  of  Kashmir,'  has  indicated  the  occurrence  of  dolomitic  limestones, 
which  are  doubtless  those  of  the  trias,  on  the  right  bank  of  the  Indus  in  Ghilas, 
directly  north-west  of  the  trias  of  the  Eashangang^  valley,  with  which  it  is 
probably  in  direct  connection.  Mr.  Yigne  also  mentions  the  occurrence  of 
limestones  in  the  lower  Kishangangd  valley  above  Mozufferabad,'  which  may  not 
improbably  be  the  same. 

Section  from  Ohamha  to  Pdngi.'—A,  valuable  addition  to  our  knowledge  of  the 
geology  of  Chamba  and  P4ngi  (on  the  Chin&b)*  has  been  made  by  Mr.  J.  B. 
Lee,  of  the  Calcutta  Bar,  who  during  the  past  summer  paid  a  visit  to  those 
districts,  and  has  kindly  communicated  to  me  some  of  his  geological  observ- 
ations. In  the  outline  geological  map  accompanying  my  paper  already  referred 
to  on  the  geology  of  K^hmir,  Kishtwdr,  and  Pdagi,  the  area  betwean  the  gneiss 
of  the  Dhalaodar  range  (south  of  Chamba)  and  the  gneiss  of  the  Chin^b  valley 
in  Pangiwas  left  uncoloured,  as  no  geological  traverse  of  the  intervening  country 
had  been  made.  It  is  this  geologically  new  country  which  has  been  traversed 
by  Mr.  Lee.  Leaving  the  gneiss  to  the  south  of  Chamba,  Mr.  Lee  informs  me 
that  slates  with  a  north-easterly  dip  continue  to  a  short  distance  south  of  Jasaor 
at  which  place  they  are  overlaid  by  blue  and  white  limestones,  the  former  of 
which  is  frequently  crowded  with  the  stems  of  crinoids.  Beyond  these  limestones 
there  is  an  uninterrupted  succession  of  slates,  with  a  general  south-westerly  dip 
but  with  numerous  minor  folds,  which  continue  till  they  overlie  the  gneiss  of 
the  Chindb  valley  described  in  my  paper.  The  limestones  above  noticed  are 
without  doubt  the  representatives  of  either  the  carboniferous  or  the  trias,  and 
not  improbably  of  both.  The  limestone  has  a  great  mineralogical  resemblance 
to  certain  limestones  higher  up  the  Chinib  at  Tandi,  which  in  a  late  paper* 
I  have  provisionally  referred  partly  to  the  carboniferous.  The  slates  between  the 
limestones  and  the  gneiss  are  doubtless  the  same  as  ;the  Pangi  slates,  and  the 
approximate  representatives  of  the  Silurian.  The  occurrence  of  a  basin  of 
newer  rocks  among  the  Chamba  slates  is  another  instance  of  the  doubly  waved 
disposition  of  the  rocks  in  this  part  of  the  Himalaya.  The  occurrence  of  these 
limestones  in  this  region  is  of  importance  in  showing  that,  as  we  approach  the 
Simla  district,  the  supposed  contemporaneous  limestones  on  the  two  sides  of  the 
gneiss  axis  preserve  their  respective  characteristics,  the  inner  one  being  fre- 
quently fossiliferous,  while  the  outer  is  never  so. 

Trias  of  the  outer  hills. — Since  a  considerable  part  of  the  great  limestone  and 

*  The  intimate  connectioii  of  the  meaoxoic  Rnd  palsBozoic  of  the  Himalaya  was  poiuted  out 
in  the  presidential  address  to  the  Geological  Society  for  1466  (P.  G.  S.,  1866,  p.  xlviii). 

»  Zo€.  eii^  Vol.  I,  p.  275. 

*  Ihid.,  p.  279. 

*  Fids  Supra,  Vol.  XI,  p.  80  ^  #09  ;  also  accompanying  map. 

*  Supra,  Yol.  XU,  p.  53. 
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dolomite  series  of  Kashmir  and  the  neigbbonring  districts  has  now  concIaBirely 
been  shown  to  be  of  triassic  age,  and  since  the  so-called  ''great  limestone" 
of  the  outer  hills  of  Jamn  (Jummoo)  referred  to  in  preyions  papers,^  as  far  as  can 
be  judged  from  precise  similarity  of  structure  and  composition,  is  inferred  to  be 
the  same  as  the  limestone  series  of  Kiishmir,  it  is  evident  that  the  great  limestone 
of  the  outer  hills  must  be  mainly  of  triassic  age,  and  probably,  as  the  lower  beds 
are  not  shown,  should  be  entirely  referred  to  that  series.  As  I  have  already  said, 
I  am  now  also  unhesitatingly  of  opinion  that  the  Kiel,  and  consequently  also 
the  Krol  limestones,  forming  (on  the  inversion  hypothesis)  the  higher  beds  of  the 
rocks  of  the  Pir-Panjil  and  its  south-easterly  continuation,  must  likewise  be  the 
representatives  of  the  carboniferous  and  trias,  which  here,  in  the  absence  of 
fossils,  must  be  reckoned  as  one  rock  series.* 

Beputed  freshwater  origin  of  the  Krol  limestones, — In  his  presidential 
address  to  the  meeting  of  the  British  Association  at  Swansea  in  August  last, 
Professor  Ramsay  refers  to  the  Krol  and  Blaini  rocks  of  the  outer  Himalaya 
as  being  possibly  of  freshwater  origin,  quoting  the  following  passage  from  Mr. 
W.  T.  Blanf ord's  introduction  to  the  "  Manual  of  the  Geology  of  India."*  "  There 
appears  some  reason  for  inferring  that  the  palsoeoic  slates,  sandstones,  and 
limestones  occupy  hollows  formed  by  denudation  in  the  old  gneissic  rocks,  and  that 
subsequent  pressure  has  produced  the  appearance  of  inversion.  If  this  be  a 
correct  view,  it  is  probable  that  the  cis-Himalayan  palsDozoio  rocks  are  in  great 
part  of  freshwater  origin."  The  inference  made  in  this  passage  would  seem  to 
rest  upon  an  expression  in  the  text  of  the  "  Manual "  (p.  604)  ;  but  the  '*  hollows 
formed  by  subaerial  erosion"  there  mentioned,  are  evidently  such  only  in  the  sense 
in  which  the  Norwegplan  fjords  might  be  so  designated,  for  the  whole  sedimentary 
series  is  described  ae  continuous  in  full  force  round  and  between  the  spurs  of 
gneiss  throughout  the  whole  region  from  the  Be^  eastwards  to  Naini.Tal 
and  in  a  compressed  section  westwards  to  the  Pir-Panjil.  Independently  of  this 
explanation,  it  appears  to  me  that  the  similarity  of  the  Eaol  (the  western  exten- 
sion of  the  Krol)  series  to  the  marine  rocks  of  Eishmak&m  and  elsewhere  is  too 
decided  to  be  compatible  with  any  great  difference  of  origin. 

Oneiss  series. — As  will  be  inferred  by  the  reader  of  this  and  the  foregoing 
papers,  the  work  of  the  past  season  has  to  some  extent  modified  the  views  pre- 
viously expressed  as  to  the  geological  age  of  the  gneiss  of  much  of  the  area 
under  consideration.     The  most  important  point  determined  is,  that  the  i^o-called 

1  i^jTfti,  Vols.  IX,  p.  158,  XIII,  p.  66. 

•  It  muBt  be  observed  that  Mr.  Griesbach  (loo.  eit,,  p.  85)  couBiden  the  Nahii-TAl  lime- 
■toneB  aB  cambrian.  Now  in  the  "  Manual  of  the  Geology  of  India"  (p.  609),  aa  is  incidentally 
mentioned  by  Mr.  GrieBbach,  it  is  conBidered  that  these  limestones  are  very  probably  the  equi- 
valents of  the  KroL  If  this  view  be  correct  it  is  clear  that  either  Mr.  Griesbach 's  cr  my  own 
identification  must  be  erroneons.  Mr.  Griesbach,  as  is  so  often  the  case  in  his  paper,  in  tbia 
instance  has  not  indicated  the  necessary  consequence  of  the  changes  he  endeavours  to  introduce. 
Before  positively  referring  the  Naini  limestone  to  the  cambrian,  it  was  incumbent  on  him  to  show 
decisively  either  that  that  limestone  is  not  the  equivalent  of  the  Krol ;  or  if  it  be^  to  show  that  the 
views  generally  entertained  as  to  the  age  of  the  latter  are  grievously  wrong. 

•  p.  zxvii. 
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"  central "  gneiss  of  Dp.  Stoliczka  mnet  originally  have  been  nnconformable  to 
the  overlying  rocks,  and  that  in  cases  where  such  unconformity  cannot  now  be 
detected,  the  apparent  conformity  of  the  rock-series  is  dne  to  the  resnlt  of 
sabseqnent  metamorphic  action.^  On  page  57  of  my  last  pnbb'shed  paper  there 
appears  a  summary  of  the  yiews  then  entertained  as  to  the  relative  ages  of  the 
gneiss  of  the  Kashmir  Himalaya.  The  following  remarks  indicate  what  modi- 
fications of  such  views  are  now  necessary. 

Qneiu  of  the  Kailds  range, — In  the  paper  referred  to  last,  it  was  stated  that 
the  gneiss  of  the  Kailds  range — the   trans-Indus  range  of  Ladak — ^underlies  a 
vast  thickness  of  slates  apparently  mainly  corresponding  to  the  silurian,  though 
with  possibly  some  still  older  rocks  in  the  lower  parts.     It  was  consequently 
considered  that  this  gneiss  was  of  infra-silurian  age,  and  that  possibly  a  portion 
of  it  corresponded  to  the  primitive   '*  central "  gneiss.     The  past  season's  work 
has  conclusively  shown  that  the  latter  supposition  is  correct,  and   that,  at  all 
eyents,  a  very  considerable  portion  of  the  Kailds  gneiss  is  primitive.     It  seems, 
however,  to  be  undoubtedly  the  case  that  a  portion  of  this  gneiss  is  altered  out 
of  an  old  slate  series,  and  such  portion  has  been  provisionally  termed  Cambrian 
gneiss,  as  underlying  a   vast  thickness   of  Silurians.     We  have   already  shown 
that  in  Astor  the  primitive  gneiss   underlies  the   slate  series  in   many  places 
without  the  intervention  of  a  great  thickness  of  schistose  gneiss,  and  it  appears 
to  me  not  improbable  that  there  may  be  a  variable  thickness  of  rocks  superimposed 
on  the  primitive  gneiss  in  difPerent  districts,  and  that  consequently  we  may  have 
in  one  place  Cambrians  and  in  an  other  Silurians  resting  on  the  primitive  gneiss. 
It  being  certain  that  the  primitive  gneiss  existed  as  land  during  the  deposition  of 
some  of  the  paleeozoics    (as  proved  by  the  occurrence   of  gneiss   blocks  in  the 
latter),  it  is  by  no  means  improbable  that  this  land  was  submerged  at  different 
times  in  different  places,  and  that  consequently  a  greater  or  lesser  thickness  of 
newer  rocks  may  be  imposed  upon  it.     This  supposition  would  receive  strong 
support,  if  the  views  entertained  as  to  the  relations  of  the  gneiss  of  the  Bhot- 
Kol  pass  to  the  trias  given  above,  should  meet  with  acceptation.     Finally,  it  may 
be  affirmed  of  the  great  mass  of  gneiss  of  Baltistdn  and  Ladak,  coloured  red  on  the 
maps  issued  with  this  and  my  earlier  papers,  that  it  certainly  contains  represen- 
tatives of  a  metamorphosed  palaeozoic  gneiss,  and  of  an  originally  primitive   and 
unconformable  gneiss  ;  and  that  it  is  further  not  improbable  that  the  palsBozoic 
gneiss  may  belong  to  both  cambrian  and  silurian  periods,  though  we  are  not  at 
present  in  a  position  to  prove  this. 
:  Oneiss  of  Zdnskdr  range, — The  work  of  the  past  season  having  conclusively 

I  shown  that  the  gneiss  of  Sura,  forming  the  north-westerly  termination  of  the 

Zanskdr  range,  is  in  intimate  connection  l¥ith  the  trias,  it  is  evident  that  the 
^  Silurians  must  be  represented  by  some  of  the  gneiss  on  the  outskirts  of  this  great 

I  mass  of  metamorphic  rocks,  and  it  is,  therefore,  probable  that  some  of  the  gneiss 

of  the  lower  Wardwan  valley,  on  a  previous  occasion  supposed  to  be  much  older, 
must  represent  the  silurian.     In  Pdngi,  however,  as  I  have  said  in  my  last  paper, 

'  It  should  be  observed  thot  a  veiy  similar  unconformity  and  overlap  has  been  recorded,  on 
both  aides  of  the  central  gndss,  by  Lieutenant-Colonel  McMabon  in  the  Bisdbir  and  Spiti  districts. 
{Smpro^  Vol.  XII,  p.  65.) 

F 


42  Eeeords  of  the  Geological  Sikrvey  of  India.  \yot,  XV9* 

there  is  sucH  a  vast  thickness  of  slates  overljing  the  schistose  conformable  gneiss' 
that  I  cannot  help  thinking  that  the  latter  may  be  of  cambrian  age.  The  nnoon- 
f ormitj  of  the  granitic  central  gneiss  forming  the  inner  part  of  the  range  is  here 
abundantly  proved  by  the  occurrence  of  blocks  of  it  in  the  silorian  slates.  The 
position  of  these  blocks  in  relation  to  the  central  gneiss,  as  compared  with  that 
of  Deosai,  is  confirmatory  of  the  above  view,  since  in  Deosai  the  slates  containing 
gneiss  pebbles  lie  immediately  above  the  granitic  central  gneiss,  while  in  P&ngi 
a  large  thickness  of  schistose  gneiss  ia  interpolated.  A  fnrther  confirmation  of 
this  view  is  afforded  by  the  fact,  which  I  have  not  previonsly  recorded,  that  the 
isolated  mass  of  granitic  gneiss  lying  to  the  north  of  Tandi  on  the  Ghin&b,^  ap- 
pears to  be  overlaid  directly  by  the  silurian  slates  without  the  intervention  of 
the  schistose  gneissic  rocks ;  this  would  involve  the  supposition  that  this  gneiss 
remained  as  an  island  during  the  deposition  of  the  supposed  cambrian  rocks,  and 
was  only  submerged  during  the  deposition  of  the  Silurians.  That  the  siluriaDs 
of  the  Wardwan  valley  were  deposited  in  the  neighbourhood  of  land  is  proved 
by  the  occurrence  in  them  of  ripple-marked  rocks,  ^  and  that  such  land  may  have 
existed  in  the  form  of  gneiss  islands,  some  of  which  were  submerged  at  a  later 
period  than  others,  is  by  no  means  an  improbable  supposition. 

Qnei$8  of  the  Fir-Fanjdl  range. — Some  portion  of  the  gneiss  of  the  Pfr-Panjtf 
range,  notably  that  in  the  neighbourhood  of  the  Banih&l  pass,  is  of  a  schistose 
type,  and  is  undoubtedly  conformable  to  the  overlying  older  palseozoic  slates, 
which  are  of  enormous  thickness.  This  gneiss  is,  in  all  probability,  the  same  as 
the  palsBozoic  gneiss  of  P&ngi,  and  the  opinions  advanced  above  as  to  the  age  of 
the  one  will  apply  equally  to  the  other.  On  the  higher  mountains  on  either  side 
of  the  gorge  of  the  Jhelam  valley,  where  it  cuts  completely  through  the 
P(r-Panj&l  range/  there  occurs,  however,  a  gneiss-granite,  which  is  generally 
a  porphyritic  rock,  containing  large  twin  crystals  of  orthoclase,  exactly  like  the 
gneiss-granite  which  in  Baltistdn,  Laddk,  and  Hiindes  has  been  regarded  as 
primitive.  The  relations  of  this  gneiss-granite  to  the  overlying  palaoozoio 
slates  have  not  yet  been  satisfactorily  determined,  nor  is  it  yet  known  whether 
the  schistose  gneiss  occurs  between  the  two.  If  this  rock  be  the  central  gneiss, 
which  I  now  think  not  impossible,  it  probably  existed  as  land  during  part 
of  the  palaeozoic  period,  and  the  pebbles  of  gneiss  found  in  the  Silurians  of 
the  Pir-Panj41  pass  may  have  been  derived  from  it.  On  this  suppoBition 
it  would  not  necessarily  follow  that  the  schistose  BanihiLl  gneiss  *  should  occur 
above  it. 

1  Supra,  Vol.  XIII,  p.  67.-^It  b  almort  impossible  to  avoid  a  certain  amount  of  T«pe(itioii 
in  continning  a  subject  left  incomplete  in  a  previons  paper. 
«  See  map  facing  page  64  of  Vol.  XI  of  the  "  Records." 
»  Supra,  Vol.  XI,  p.  60. 

*  The  range  on  the  north  of  the  Jhelam  is  nsuaUy  termed  the  Kij-Nfe;  it  is,  however, 
reaUj  a  continuation  of  the  Pfr-Panj£l. 

•  If  there  be  some  «*  central*'  gneiss  in  the  Panj^,  we  are  not  driyen.  to  the  view  adopted 
previously  (Vol.  XI,  p.  40}  that  the  pebbles  embedded  in  the  slates  were  transported  from  a 
distance;  bat  that,  as  Colonel  Qodwiu-Ansten  supposes,  they  formed  a  shingle  beach  near  the 
land  of  thdr  origin. 
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IV.— Glacibbs  ov  BaltistIn. 

IfUrodtictory. — Any  notice  of  the  geology  of  Baltistan  wonld  obviously  be 
incomplete  without  some  reference  to  the  mighty  glaciers  which  form  such  a 
characteristic  feature  of  that  district  and  which  are  only  exceeded  in  dimensions 
by  those  of  the  polar  regions.  These  glaciers  have  naturally  already  fallen 
under  the  notice  of  various  authors/  and  a  few  observations  have  also  been 
recorded  as  to  the  evidence  of  their  formerly  having  had  a  vastly  greater  exten* 
sion  than  at  present.  During  my  late  visit  to  that  district,  however,  certain 
facts  in  regard  to  the  latter  question,  having,  moreover,  a  certain  bearing  on  the 
still  wider  question  of  the  former  glaciation  of  the  whole  Himalaya,  have  come 
to  my  notice,  and  as  they  do  not  appear  to  have  been  described  by  previous  writers, 
they  are  presented  in  the  present  paper. 

Ifr.  Campbell  on  Himalayan  gladaiion, — ^Before  proceeding  to  the  proper 
subject  of  this  section,  it  may  not  be  out  of  place  to  mention,  that  there  has  re- 
cently appeared  a  paper  from  the  pen  of  Mr.  J.  F.  Campbell,*  in  which  the 
author  arrives  at  the  conclusion  that  there  is  no  valid  evidence  of  a  former 
general  glacial  period ;  and  that  in  the  Himalaya  the  older  glaciers  were  only 
slightly  larger  than  at  present.  The  conclusions  arrived  at  by  myself,  as  will  be 
shown  in  the  sequel,  are  in  great  part  in  opposition  to  those  of  Mr.  Campbell, 
though  it  appears  that  there  is  still  very  great  doubt  as  to  how  much  of 
the  Himalaya  has  been  glaciated.  I  may  add  that  Mr.  Campbell's  personal 
observations  of  the  Himalaya  were  mainly  confined  to  the  region  of  the  outer 
hills,  and  to  a  distant  survey  of  the  more  central  ranges  from  Simla  and  other 
hill  stations. 

Clim^iie  and  preseni  gladatton  of  Baltiddn. — Coming  now  to  the  subject  of 
this  section  it  may  be  observed  that  the  upper  portion  of  the  great  basin  drained 
by  the  affluents  of  the  Shigar  river,  namely,  the  B&sha  and  Br&ldu  rivers,  is 
highly  remarkable  for  the  number  and  size  of  its  glaciers,  the  Biafo  glacier  being, 
I  believe,  the  next  in  size  to  the  Humboldt  glacier  of  G-reenland — ^the  largest  in 
the  world.  The  extensive  glaciation  of  this  drainage  area  is  in  marked  contrast  to 
the  rerj  slight  development,  both  as  regards  number  and  size,  of  glaciers  in  the 
more  generally  elevated  and  neighbouring  country  of  Ladik.  The  causes  of 
this  greater  glaciation  are,  I  think,  to  be  found  in  the  moister  climate  which  this 
district  enjoys  as  compared  with  the  neighbouring  district  of  Ladak ;  to  the 
greater  snow  fall  which  occurs';  and  lastly,  but  not  leastl^,  to  the  enormous 
height  of  many  of  the  mountains,  which  consist  of  mighty  peaks,  ranges,  and 
ndges,  closely  approximated,  and  divided  from  one  another  by  deep  and  narrow 

*  Vigne,  "loc  cat.**  Dr.  Thomson,  "loc.  cit"  Drew,  '<Jummooand  Eishmfr  TerritorieB.'* 
"Qnar.  Joimi  Qeol.  Soc.,"  Vol.  XIX,  p.  460.  Godwin- Austen,  "  Proc  Boy.  Qeog.  Soc.,"  Jannary, 
1864^  p.8e. 

*  Qoar.  Joom.  Qeol.  Soc,  London,  YoL  XXXV,  p.  98. 

*  I  am  infonned  bj  the  natives,  that  at  Askoli,  on  the  Braldn  river,  the  snow  daring  the 
winter  gcnenlly  Ues  to  the  depth  of  abont  8  feet^  while  a  few  hundred  feet  above  the  vallej  it 
aTomgw  from  12  to  15  feet  in  depth. 
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ralleys  and  ravines.'  This  configuration  of  country  is  evidently  far  more  favour- 
able to  the  accumulation  of  large  meusses  of  snow  and  ice  in  the  valleys  than  one 
where  the  hills  are  rounded  and  flat,  and  the  valleys  very  wide  and  open,  as  is 
the  case  in  Laddk.  The  difference  in  the  degree  of  humidity  between  upper 
Baltistdn  and  Lad&k,  in  the  absence  of  meteorological  observations,  makes  itself 
manifest  in  the  more  abundant  vegetation  which  is  found  in  the  former  district. 
In  Lad&k,  almost  the  whole  country  (except  where  artificial  irrigation  has  been 
introduced)  is  a  barren,  stony,  and  sandy  waste ;  almost  the  only  native  vegeta- 
tion being  a  scrub  of  low  bushes  and  patches  of  turf  here  and  there  in  the 
•wampy  river  valleys  ;  and  on  the  higher  grounds,  low-growing  aromatic  plants, 
and  some  dry  straggling  grass.  In  upper  Baltist&n,  on  the  other  hand,  the 
higher  valleys  are  clothed  in  summer  with  a  thick  cai'pet  of  luxuriant  grass, 
spangled  with  a  variety  of  flowers ;  while  the  cypress,  willow,  wild-rose,  berbeiy- 
and  other  shrubs  grow  luxuriantly.  The  difference  in  the  suitability  for  vege, 
tation  of  the  two  areas  is  more  clearly  shown  by  the  fact  that  in  Lad&k  the 
vegetation  in  the  river  valleys  only  occurs  in  any  quantity  immediately  on  the 
borders  of  the  streams,  while  in  Baltist&n  it  extends  up  on  the  hill-sides  far 
above  the  reach  of  any  moisture  from  the  streams  below. 

Lower  limit  of  griacier*.— With  regard  to  the  level  to  which  the  glaciers  of 
Baltist&n  descend,  I  have  in  most  cases  no  very  certain  information  to  give, 
since,  unfortunately,  my  aneroid  had  been  broken ;  and  no  heights  are  given  on 
the  sheets  of  the  Indian  atlas  at  the  terminations  of  any  of  the  glaciers.  The 
nearest  approximation  I  can  give  to  the  lower  limits  of  the  glaciers  of  Brdldu  is 
as  follows : — On  the  survey  map,  the  elevation  of  the  junction  of  the  Brdldu 
and  Basha  rivers  is  given  as  8,227  feet;  now,  the  termination  of  the  Tdpsa 
glacier,  in  the  Hoh  valley,  is  a  comparatively  short  distance  from  this  point,  and 
the  diEference  in  the  elevation  of  the  two  places  is,  I  think,  less  than  2,000  feet: 
this  would  give  the  elevation  of  the  lower  limit  of  the  T(ipsa  glacier  as  about 
10,000  feet.  That  this  estimate  of  the  elevation  is  not  an  excessive  one,  is  borne 
out  by  the  fact  that  cypress  trees  extend  to  a  height  of  1,000  or  1,500  above  the 
level  of  the  glacier,  and  that  the  higher  limit  of  these  trees  is,  I  believe,  between 
11,000  and  12,000  feet.  I  estimate  the  elevation  of  the  termination  of  the 
Biafo  glacier  at  Askoli,  as  certainly  not  more  than  10,000  feet,  and  possibly  less. 
Mr.  Drew  estimates  the  elevation  of  the  lower  limit  of  the  Ardndu  glacier,  on 
the  Basha  river,  somewhere  between  10,000  and  11,000  feet.  No  other  glaciers  in 
the  western  Himalaya  descend  to  such  a  low  level  as  those  of  Baltistdn.* 

Tdpsa  glacier. — The  locality  of  this  glacier  has  been  already  indicated ;  its 
termination  is  situated  immediately  above  the  village  of  Nangmoni  Tipsa,  where 
there  is  a  considerable  extent  of  cultivated  ground.  It  is  worthy  of  notice  that  it 
is  only  in  this  part  of  the  western  Himalaya  that  I  have  seen  glaciers  descending 
close  to  the  cultivated  ground,  as  is  so  commonly  the  case  in  the  Swiss  Alps. 
The  village  of  Nangmoni  Tdpsa  itself  stands  on  an  old  glacial  moraine.  A 
comparatively  modem  terminal  moraine,  forming  a  dome-shaped  hill  covered 

^  Peak  K'  (28,265  feet)  above  the  Baltoro  glacier  is  the  second  highest  mountain  in  the  world. 
Except,  perhaps,  a  small  glacier  from  Naiiga  Purbat^  ne«r  the  village  of  Tirahing. 
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with  cypress,  bounds  the  culiiyated  land  superiorly .  above  this  old  moraine  is 
the  present  terminal  moraine  of  the  glacier.  The  above  appearances  seem  to 
indicate  that  the  Tapsa  glacier  has  receded  by  small  gradations,  pausing  here 
and  there,  until  it  finally  attained  its  present  shrunken  dimensions.  At  its 
present  termination  the  glacier  decreases  rapidly  both  in  width  and  thickness,  its 
terminal  moraine  forming  a  series  of  irregular  steps.  Old  moraines,  can  be 
distinguished  here  and  there  down  the  Hoh  valley,  nearly  as  far  as  its  junction 
with  the  Brdldu  valley.  Above  T4psa,  large  lateral  moraines  occur  on  the 
borders  of  the  glacier,  extending  to  a  height  of  several  hundred  feet  above  its 
present  level.  On  the  summits  of  some  of  these  old  moraines,  and  on  the 
neighbouring  ridges  of  rock,  may  be  seen  some  gigantic  perched  blocks  of  gneiss ; 
the  dimensions  of  one  of  these  blocks  may  be  roughly  estimated  at  50  x  35  x  25 
feet.  Below  Tdpsa  the  old  moraines  have  been  entirely  denuded  away  by  the 
river  on  the  left  side  of  the  valley,  leaving  the  native  rock  exposed.  This  rock 
is  quite  rough  and  irregular,  showing  not  the  slightest  trace  of  glacial  polishing 
or  scoring,  though  it  must  once  have  lain  in  the  course  of  the  glacier.  In  no  part 
of  this  valley,  indeed,  could  I  find  any  traces  of  the  wearing  effects  of  the  old 
glacier  on  the  surrounding  rocks ;  and  if  the  old  moraines  and  perched  blocks 
were  to  be  entirely  washed  away,  no  evidence  would  remain  of  the  former  greater 
size  of  thcTdpsa  glacier :  the  significance  of  this  fact  will  be  noticed  in  the  sequel. 

Falma  valley. '^-Th&  Palma  valley,  another  tributary  of  the  Braldu  valley, 
presents  numerous  evidences  of  the  former  extension  of  the  glacier  which  now 
occupies  the  head  of  the  valley.  Near  the  mouth  of  this  valley  the  sunmiit  of 
the  ridge  of  limestone  between  Ktirophon  and  Ddmordo,  which  is  at  least  2,000 
feet  above  the  level  of  the  Braldu  river,  is  thickly  strewn  with  gigantic  blocks 
of  the  old  porphyritic  gueiss,  which  must  have  been  transported  from  far  up  the 
Palma  valley :  no  traces  of  glacial  markings  can  now  be  detected  on  any  portion 
of  this  limestone  ridge.  Near  Dtlmordo,  however,  some  of  the  precipitous  cliffs 
on  the  left  bank  of  the  river,  at  a  height  of  more  than  1,000  feet  above  its  bed, 
are  most  distinctly  smoothed  and  polished  by  glacial  action.  The  upper  portion 
of  the  valley,  below  the  present  glacier,  retains  the  U-shape  so  characteristic  of 
glacial  action ;  the  lower  portion,  on  the  other  hand,  is  most  distinctly  Y-shaped. 
Here  and  there,  however,  traces  of  the  older  and  more  elevated  U-shaped  valley 
remain,  in  the  form  of  ledges  on  the  sides  of  the  present  river  gorge.  The 
present  form  of  the  lower  part  of  the  valley  seems,  therefore,  to  be  clearly  due 
to  the  denuding  action  of  the  river,  which  has  excavated  the  valley  to  the  depth 
of  some  500  feet  below  the  level  of  the  old  glacier  valley. 

Qlacier  increaaing, — The  present  Palma  glacier  shows  pretty  evident  signs  of 
beinp^  on  the  increase,  since  it  terminates  inferiorly  in  an  abrupt  and  precipitous 
wall  of  ice,  with  but  comparatively  little  debris  and  no  distinct  terminal 
moraine,  which  seems  to  have  been  overflowed  and,  so  to  speak,  swallowed  up 
by  the  glacier. 

Farmer  extent  of  glacier. — ^From  the  occurrence  of  blocks  of  gneiss- granite 
on  the  Kdrophon  spur,  and  from  the  glacial  markings  already  noticed  in  the 
Palma  valley,  it  may  be  safely  concluded  that  the  Palma  glacier  formerly  united 
with  the  Biafo  glacier. 
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Biafo  and  Paltaro  glacierb.'-^l  Have  but  few  observatioiiB  worth  recording  con- 
ceming  tliese  glaciers,  aa  they  haye  been  already  described  by  Colonol  Oodwin«> 
AtLsten.  There  would  seem  to  be  but  little  doubt,  from  the  occurreuoe  of 
moraine  matter  in  the  valley  between  the  two  glaciers,  as  well  as  from  the 
evidence  of  old  glaciers  in  the  Brdldu  valley  below  the  termination  of  the  Biafo 
glacier,  to  be  noticed  shortly,  that  these  glaciers  once  united.  From  the  height 
at  which  old  glacial  traces  occur  in  the  Palma  valley,  and  allowing  500  feet  for 
subsequent  river  erosion,  it  would  appear  that  the  thickness  of  the  ice  of  the 
three  united  glaciers  must  have  been  at  least  1,500  feet.  At  the  lower  portions 
of  the  Biafo  and  Baltaro  glaciers,  the  whole  of  the  ice  is  covered  with  an 
enormous  accumulation  of  debris,  and  neither  lateral  nor  median  moraines  i  an 
be  traced :  higher  up  the  glaciers,  however,  we  find  clear  ice,  with  distinct 
moraines  of  both  kinds ;  transverse  crevasses  are  also  numerous.  At  the  termi* 
nation  of  the  Biafo  glacier,  where  the  ice  suddenly  debouches  into  a  wide  valley 
at  right  angles  to  the  course  of  the  glacier,  and  is  consequently  released  from 
hiiteral  pressure,  there  occur  numerous  and  wide  longitudinal  crevasses.  Both 
these  glaciers,  for  a  very  long  distance  above  their  terminations,  present  a  highly 
arched  transverse  section.  In  estimating  the  thickness  of  old  glaciers,  it  should 
always  be  borne  in  mind  that  the  markings  on  the  sides  of  such  glaciers  only 
indicate  the  thickness  of  the  outer  portion  of  the  ice,  and  that  from  the  above- 
mentioned  arched  section  the  centre  of  the  glacier  must  have  been  much  thicker. 
On  the  sides  of  the  Biafo  glacier  the  rocks  are  all  highly  polished  and  scored 
for  some  feet  above  the  present  level  of.the  glacier,  indicating  its  recent  diminu- 
tion in  thickness.  Older  markings  are  here  and  there  to  be  detected  at  much 
higher  levels. 

Olacial  evidences  on  the  Brdldu  river^  below  the  terminatton  of  the  Biafo  glacier.^^ 
Having  now  shown  that  there  was  formerly  one  enormous  glacier,  composed  of 
an  extension  of  the  present  Biafo,  Palma,  and  Baltaro  glaciers,  and  also  that  the 
Tdx)sa  glacier  once  extended  down  to  the  Br&ldu  river,  I  proceed  to  show  that 
these  united  glaciers  formerly  reached  the  whole  way  down  that  river. 

Olaciated  epurs  at  Hoto, — On  either  side  of  the  tributary  ravine  debouching 
into  the  Brdldu  valley  a  little  to  the  west  of  the  village  of  Hoto,  is  a  projecting 
spur  of  gneiss ;  each  of  these  spurs  has  been  rounded  off,  gprooved,  and  polished 
by  glacial  action.  The  gproovings  and  flutings  on  the  spur  to  the  westward  of 
the  tributary  ravine  are  as  fresh  as  those  on  the  boundary  walls  of  one  of  the 
existing  glaciers.  These  groovings  are  directed  down  the  valley  of  the  Brdldu 
river,  ascending  on  the  eastern  side  as  far  as  the  middle  of  the  spur,  and  then 
rapidly  sinking  on  the  western  side.  The  direction  of  the  old  glacier  must 
accordingly  have  been  down  the  Brdlda  river.  The  glacial  markings  on  these 
spurs  extend  to  a  height  of  about  1,000  feet  above  the  present  river-level. 

Opposite  spur. — The  above-mentioned  markings  certainly  prove  the  existence 
of  a  large  glacier  in  this  part  of  the  valley  of  Br&ldu ;  but  there  are  other  points 
in  connection  with  this  subject  which  demand  attention  before  proceeding  to 
notice  other  evidences  of  glaciation  farther  down  the  valley.  Immediately 
opposite  the  polished  and  grooved  spurs,  thdre  occurs  on  the  other  side  of  the 
river  another  spur  of  gneiss  projecting  boldly  into  the  valley.    This  spur  must 
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eqnallj  ivith  the  opposite  spurs,  have  presented  an  obstacle  to  the  course  of  the 
glacier.  This  spur  however,  is  perfectly  rugged,  and  shows  the  projecting  edges  of 
tiie  nearly  vertical  strata  jutting  out  in  the  most  irregular  manner ;  its  lower 
part  shows  marks  of  river  erosion,  extending  to  a  height  of  40  or  50  feet  above 
the  river. 

Glacial  markings  protected  hy  river  deposit, — ^We  are  now  led  to  enquire  what 
is  the  reason  that  on  one  side  of  the  river  projecting  spurs  of  rock  bear  distinct 
traces  of  former  glaciation,  while  on  the  other  no  such  traces  can  be  detected. 
An  examination  of  the  Hoto  spurs  will  show  that  they  are  nearly  half  buried  in 
a  modem  river  deposit  resting  inferiorly  on  what  appears  to  be  glacial  moraine. 
This  deposit  shows  unmistakable  signs  of  having  onco  extended  much  higher 
np  on  the  spurs,  and  it  is  quite  probable  that  it  may  have  formerly  entirely 
covered  them.  The  rugged  spur  on  the  opposite  side  of  the  river  has  no  pro- 
tecting formation ;  while  the  whole  of  the  clifEs  in  the  neighbourhood  which  are 
likewise  bare  of  this  deposit  show  not  the  slightest  traces  of  glaciation.  It,  there- 
fore, appears  to  me  to  be  ceiiain  that  the  covering  of  river  deposit  has  protected  the 
glacial  markings  on  the  Hoto  spurs,  while  on  the  unprotected  rocks  in  the  neigh- 
bourhood, such  markings  have  been  entirely  obliterated,  and  the  surface  of  the 
rocks  subsequently  much  altered  by  denudation.  I  shall  shortly  show  that  in 
almost  all  other  cases  in  this  district  whei*e  old  glacial  markings  occur  they  are 
either  situated  on  protected  surfaces,  or,  as  in  the  crise  of  the  markings  at  Dumordo 
already  referred  to,  on  almost,  or  quite,  vertical  clifis  where  the  action  of  denuding 
agencies  is  reduced  to  a  minimum.  The  bearing  of  these  observations  on  the 
absence  of  glacial  markings  from  other  parts  of  the  Himalaya  will  be  discussed 
in  the  sequeL 

Hoto  to  JbZ/o.-- Between  the  villages  of  Hoto  and  Foljo  small  surfaces  of 
polished  and  grooved  rocks  may  here  and  there  be  detected  on  the  precipitous 
gneiss  difb  of  the  left  bank  of  the  river,  extending  to  a  height  of  about  1,600  feet 
above  the  bed  of  the  latter.  At  Foljo  itself,  there  is  a  gneiss  spur  high  above 
the  river,  showing  nearly  as  perfectly  preserved  glacial  markings  as  those  on  the 
Hoto  spurs.  The  Foljo  spur  has  likewise  been  covered  with  a  protecting  coat  of 
river  deposit. 

Foljo  to  junction  of  Brdldu  wiih  Basha  river, — Below  Foljo  glacial  nmrkings 
may  be  traced  here  and  there  on  the  left  bank  of  the  river,  nearly  as  far  as  its 
junction  with  the  Basha  river.  Some  of  these  markings  are  situated  at  a  great 
height  above  the  bed  of  the  river,  and,  where  they  have  not  been  protected  by 
river  deposit-,  generally  occur  on  vertical  faces  of  rock.  In  many  parts  of  its  lower 
course,  the  river  flows  in  a  distinctly  Y-shaped  valley  (bounded  by  rugged  and 
irregularly-shaped  clifis),  which  in  its  present  form  could  certainly  not  have  con- 
tained a  glacier.  At  the  hamlet  of  Tigstan,  the  valley  somewhat  suddenly  ex- 
pands, and  assumes  an  XJ-shaped  section.  Here,  for  the  first  time  in  the  course 
of  the  river,  we  find  traces  of  old  glacial  action  occurring  close  down  to  the 
present  bed  of  the  river,  as  is  well  shown  on  a  rounded,  polished,  and  grooved 
boss  of  gneiss  nearly  opposite  Tigstan :  this  boss  has  only  lately  been  denuded  of 
its  protecting  river  deposit.  We  may  conclude,  from  the  position  of  this  glaciated 
rock,  that  in  this  part  of  its  course  the  river  has  not  perceptibly  deepened  its 
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channel  since  tlie  period  of  its  glaciation,  and  tbat  consequently  at  that  period 
the  inclination  of  the  valley  must  have  been  much  greater  than  at  present.^  In 
this  expanded  lower  portion,  the  valley  is  thickly  overstrewn  with  a  vast  accu- 
mulation of  gigantic  travelled  blocks  of  gneiss  ranging  to  100  feet  in  diameter. 
Perched  blocks  may  also  be  observed  standing  out  on  the  sky-line  of  the  spurs 
opposite  and  below  Tigstan.  The  spur  dividing  the  Br&ldu  and  Bdsha  valleys 
for  two-thirds  of  its  length  between  its  termination  and  Tigstan  has  its  sky-line 
most  markedly  roundea  and  smoothed  ofE  by  glacial  action ;  while  above  this 
point,  which  is  at  an  elevation  of  about  1,000  or  1,200  feet  above  the  bed  of  the 
river,  the  sky-line  becomes  suddenly  thrown  into  sharp  points  and  peaks.  This 
is  the  most  striking  instance  of  glacial  action  that  I  have  seen,  and,  if  the  correct 
height  of  the  rounded  part  of  the  spur  were  ascertained,  would  give  tus  the 
thickness  of  the  glacier  at  one  period  of  its  existence. 

Bdsha-Brdldu  glacier, — The  above  facts  clearly  show  that  one  immense  glacier 
formerly  occupied  the  valley  of  the  Brdldu  river,  and  that  it  overtopped  the  spur 
separating  the  Braldu  and  B^ha  valleys,  where  it  doubtless  united  with  another 
glacier  occupying  the  B&sh'a  valley.  This  old  glacier  I  shall  subsequently  refer 
to  as  the  Bdsha-Brdldu  glacier ;  it  extended  down  to  an  elevation  of  a  little  over 
8,000  feet. 

Bdsha  glaciers. — Of  the  glaciers  of  B&sha  I  have  nothing  to  say,  as  the  Ar&ndu 
glacier  has  been  carefully  described  by  Mr.  Drew,  ■  and  I  have  not  examined  the 
Bdsha  valley  for  traces  of  old  glaciers,  except  at  its  mouth.  Mr.  Vigne  observes 
that  the  natives  consider  the  Ardndu  glacier  to  be  solely  advancing. 

Olaciation  behw  Shigar. — Below  the  point  where  the  Brdldu  and  Basha  rivers 
unite  to  form  the  Shigar  river,  until  below  the  town  of  Shigar,  I  have  not  myself 
observed  any  features  which  I  could  decidedly  say  were  of  glacial  origin.  My 
observations  were,  however,  mainly  confined  to  the  left  bank  of  the  river,  where 
the  rocks  are  less  hard  than  the  gneiss  clifEs  of  the  right  bank,  and  it  is  possible 
that  markings  might  be  observed  on  the  latter.  The  Shigar  valley  is  distinctly 
U-shaped  in  section,  and  in  this  respect  might  well  have  contained  a  glacier. 
When  we  come  to  the  spur  between  Shigar  and  Skdrdu,  separating  the  Shigar 
and  Indus  valleys,  and  composed  of  a  dark-coloured  schistose  gneiss,  we  find  in 
the  neighbourhood  of  Stronkdokmo  the  summit  of  this  spur  overspread  with 
blocks  of  a  light-grey,  and  frequently  porphyritic,  gneiss-granite,  together  with 
other  blocks  of  trias  limestone  and  dolomite.  Both  kinds  of  these  blocks  must 
have  been  brought  down  from  the  neighbourhood  of  Shigar,  and  undoubtedly 
indicate  ice  transport.  There  would  seem,  therefore,  to  be  every  probability  that 
the  B&sha-Brdldu  glacier  continued  down  the  Shigar  valley  to  tJie  Indus. 

Olaciation  at  Skdrdu, — In  the  immediate  neighbourhood  of  Skdrdu  there  are 
some  unmistakable  traces  of  former  glaciation.    Thus,  to  the  south  of  the  fort 

*  I  may  draw  attention  to  this  observation  as  illustrating  a  remark  made  in  a  recent  number 
of  this  publication  (Vol.  XIII,  note,  p.  237),  that  although  considerable  erosion  of  the  water-way 
has  taken  place  generally  over  this  area  since  the  last  great  extension  of  the  glaciers,  some  spots 
have  escaped  that  action 

<  *<  Jumuioo  and  K^hmfr  territories,"  p.  867. 
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there  oocur  large  quantiiieB  of  blocks  of  grey  gneiss-granite,  which  seem  to  have 
been  transported  from  the  bigh  range  to  the  soath.  According  to  Mr.  Drew'  the 
isolated  rock  in  the  Skardu  yallej,  1,000  feet  high,  is  covered  with  transported 
blocks.  Near  the  summit  is  a  large  block  of  gneiss-granite,  polished  and 
grooved.  Some  of  these  blocks  appear  to  rest  upon  the  (?)  pleistocene  lacnstrine 
strata  described  in  a  previous  section.  Near  the  fort  some  of  these  lacustrine 
strata  are  crumpled,  and  contorted  in  a  manner  which  seems  very  probably  to  have 
been  ejected  by  the  lateral  pressure  of  a  glacier.  Mr.  Drew,  as  already  mentioned 
is  of  opinion  that  this  contortion  was  caused  by  ice  in  some  form  or  other' 
Although  I  cannot  be  sure  that  the  Shigar  glacier  extended  to  Skardu,  yet  I  think 
it  very  probable  that  such  was  the  case :  anyway  there  is  no  doubt  that  some 
glaciers  debouched  on  to  the  Skardu  plain  at  an  elevation  of  about  7,000  feet. 

Moraine  at  Kaisura. — Mr.  Drew'  notices  the  occurrence  of  large  masses  of 
moraine  matter  at  Katsiira,  on  the  Indus,  some  16  miles  below  Skardu,  and 
concludes  that  this  moraine  was  formed  by  a  local  glacier. 

Belation  of  glaciers  to  lacustrine  deposits  of  SArdrdu.— The  lacustrine  strata  of 
Skirdu,  showing  signs  of  underlying  glacial  debris,  and  being  contorted  by  ice 
action,  it  would  seem  likely  that  the  great  glaciers  of  Baltistan  did  not  extend  below 
Skardu  as  one  solid  mass  of  ice  filling  the  whole  valley,  as  otherwise  one  would 
have  thought  the  great  masses  of  lacustrine  strata  in  the  Indus  valley  opposite 
Skardu  would  have  been  swept  away  by  them.  There  is,  however,  considerable 
difficulty  in  accepting  this  objection  as  there  occur  large  masses  of  similar  lacustrine 
strata  in  the  Indus  valley  in  Laddk,  which  are  probably  in  great  part  of  pre- 
glacifd  origin  where  from  the  elevation  glaciers  ought  surely  to  have  existed.  It 
remains  to  see  whether  all  the  lacustrine  strata  here  alluded  to  are  pre-glacial  or 
not,  before  a  satisfactory  solution  of  the  difficulty  can  be  arrived  at. 

Qlaciation  of  Deotfai.— I  have  now  concluded  what  I  had  to  say  regarding 
the  traces  of  former  glaciation  in  Baltistan.  Before,  however,  taking  into  consi- 
deration the  general  bearing  of  these  facts  on  Himalayan  glaciation,  I  intend  to 
shortly  notice  some  of  the  evidences  of  glaciation  in  the  districts  between  Baltis- 
tan and  the  plains  of  the  Punjab.  Immediately  to  the  south  of  Skardu  we  find 
the  elevated  plain-like  basin  of  Deosai,  attaining  in  its  centre  to  an  elevation  of 
about  13,000  feet,  and  surrounded  by  mountains  ranging  from  16,000  to  18,000  feet 
in  height.  A  very  noticeable  fact  presents  itself  here,  in  that  the  rivers  draining 
this  basin,  in  spite  of  its  great  general  elevation,  in  no  case  take  their  origin 
from  glaciers ;  and  indeed,  with  the  exception  of  a  few  small  ones  on  the  lower 
part  of  the  Shigar  river  no  glaciers  occur  in  the  entire  water-basin.  This 
virtual  absence  of  glaciers  in  such  an  elevated  area  presents  a  remarkable  con- 
trast  to  their  abundance  in  the  valleys  of  Baltistan.     The  explanation  of  this 

'  Loc,  cii.,  p.  364. 

'  It  ii,  of  course/ just  possible  that  sucb  emmpliiigs  might  have  been  effected  by  icebergs 
detached  from  a  glacier  when  Skirdu  was  a  lake ;  nud  it  has  been  suggested  to  me  that  a  landslip 
Toight  have  caused  them.  As  far  as  my  own  judgment  goes,  I  am  inclined  to  doubt  the  efficiency 
of  the  last  named  agent  in  this  case. 

*  Loc.  eii^  p.  372. 

*  The  Shigar  river  here  alluded  to,  in  conjunction  with  the  Shingo,  drains  Deosai,  and  is  quite 
flistinct  from  the  river  of  the  same  name  referred  to  in  preceding  paragraphs. 
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diffei^ence  is,  boweyer,  not  difficult.  The  water-basin  of  Deosai  practically 
consists  of  a  very  wide  and  flat  valley,  traversed  by  numerous  streams,  whose 
united  waters  are  carried  off  by  the  Shingo-Shigar  into  the  Drds  river.*  This 
openness  of  the  Deosai  valley,  coupled  with  the  fact  that  the  surrounding  moun- 
tains, which  are  not  of  the  enormous  height  of  those  of  Baltistan,  drain 
directly  into  this  open  area  without  the  intervention  of  deep  and  narrow  gorges, 
explains  this  absence  of  glaciers,  since  the  snow  generally  lies  where  it  falls  until 
it  melts,  and  has  no  opportunity  of  accnmulating  in  force,  as  on  the  mighty  peaks 
and  in  the  deep  valleys  of  Baltistan.  In  spite,  however,  of  the  absence  of  glaciers 
at  the  present  time  in  Deosai,  there  appears  to  be  good  evidence  of  their  former 
presence.  Most  of  the  minor  ridges  descending  from  the  higher  ranges  present  a 
rounded  and  smoothed  outline,  strongly  suggestive  of  the  effects  of  glacial  actios. 
The  streams  are  also  bounded  by  ridges  and  banks  of  debris,  which,  I  think, 
represent  in  part  old  moraines.  Again,  on  the  noHh  side  of  the  basin,  blocks  of 
grey  gneiss-granite  are  scattered  over  the  ridges  of  trap  rock,  evidently  by  the 
action  of  glaciers.  In  his  work  and  memoir  quoted  above,  Mr.  Drew  is  also  of 
opinion  that  glaciers  once  existed  in  the  Deosai  plain,  but  thinks  that  much  of 
the  debris  has  been  arranged  by  waters  flowing  from,  and  dammed  by,  such 
glaciers. 

Qlaciation  of  Bras. — I  have  already*  expressed  my  opinion  that  mnch  of  the 
debris  in  the  Drds  valley  has  been  transported  by  glaciers ;  the  evidence  is,  how- 
ever, not  without  an  element  of  doubt,  as  the  transported  material  all  lies  in  the 
present  line  of  drainage. 

Wordwan  valley, — ^At  the  head  of  the  great  valley  of  MAru-Wardwan, 
draining  the  south  side  of  the  mountains  of  Sum  into  the  Chindb,  there  occurs 
a  small  glacier  of  some  seven  miles  in  length.  Below  the  termination  of  this 
glacier,  old  moraines  may  be  seen  here  and  there  as  far  as  the  village  of  Mareg, 
where  a  very  large  and  perfect  one  occupies  the  mouth  of  the  tributary  valley 
opening  into  the  Wardwan  at  that  place  :  the  elevation  of  this  moraine  is  about 
8,500  feet.     I  have  not  seen  traces  of  old  glaciers  below  this  point. 

Kashmir, — In  Kashmir  proper,  as  I  have  elsewhere  observed,'  a  large  moraine 
occurs  at  Sonamarg  in  the  Sind  valley  ;  while  lower  down  in  the  same  valley  Mr. 
Drew  has  noticed  glacial  markings  in  the  rocks  at  an  elevation  of  6,600  feet.  On 
the  opposite  side  of  Kashmir,  the  valley  of  Gulmarg,  at  an  elevation  of  between  7 
and  8,000  feet,  is  thickly  covered  with  what  appears  to  be  an  old  moraine.  On  the 
higher  mountains  round  Kashmir  old  moraines  are  of  common  occurrence ; 
I  myself,  however,  have  never  observed  glacial  markings  on  any  of  the  rocks 
and  the  general  aspect  of  the  mountains  and  valleys  is  certainly  not  one  sugges- 
tive of  glaciation. 

^  The  water  of  the  Shingo-Shigar  is  quite  peculiar  among  the  rivers  of  this  country,  in  that 
it  is  of  a  clear  hlue  colour,  in  striking  contrast  to  the  muddy  •hrown  colour  of  the  Dr&s  river  into 
which  it  flows.  This  parity  is  entirely  owing  to  the  ahsence  of  glaciers  from  the  Shingo-Shigar 
water-hasin. 

«  Supra,  Vol  XII,  p.  80, 

'  Supra,  Vol.  XII,  p.  29. 
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Alleged  glaciation  in  the  outer  hills. — The  evidence  hitherto  cited  as  to  the  former 
existence  of  glaciers  in  certain  localities  is  quite  beyond  the  possibility  of  doubt ; 
this  eyidence  is  either  glacial  markings  on  rocks,  perched  blocks,  or  moraines 
in  their  original  form.  In  the  outer  hills  of  the  Himalaya,  however,  various 
writers,  among  whom  I  may  mention  Messrs.  Godwin- Austen  and  Theobald,  have 
argued  for  the  former  existence  of  glaciation  in  those  regions  on  Yery  different 
evidence.  The  evidence  which  they  adduce  is,  firstly,  that  of  travelled  blocks ; 
but,  as  far  as  I  am  aware,  very  few,  if  any,  of  those  blocks  are  in  positions  which 
they  might  not  have  attained  (irrespective  of  the  question  of  their  weight)  by  the 
action  of  water  alone ;  and  secondly,  from  the  form  of  the  country,  and  from  certain 
deposits  which  they  presume  to  be  moraines.  The  glacial  or  non-glacial  origin 
of  the  Naini-Tdl  lake-basin  has  lately  been  a  subject  of  discussion  between  Messrs. 
Ball  and  Theobald,^  and,  as  far  as  I  am  competent  to  judge,  it  does  not  appear 
that  the  arguments  either  for  one  or  the  other  view  are  conclusive.  In  none  of 
the  instances  of  alleged  glaciation  in  the  outer  hills  has  there  been  adduced  any 
decisive  evidence  of  the  nature  referred  to  above,  and,  indeed,  Mr.  Campbell,  in 
the  paper  already  quoted,  refuses  to  admit  any  of  such  instances  as  valid.  On 
the  present  occasion  it  is  not  my  intention  to  sift  this  evidence  in  any  way,  but  it 
is  merely  instanced  here  in  order  to  show  how  it  differs  from  the  decisive 
evidence  adduced  as  to  the  former  presence  of  old  glaciers  in  the  inner  Himalaya, 
and  also  that  I  may  show  how  certain  conclusions  as  to  the  preservation  or 
non-preservation  of  signs   of  old  Himalayan  glaciation  affect  the  question. 

Olacial  period  in  the  Himalaya, — From  the  facts  detailed  above,  there  can 
he  no  question  but  that  the  glaciers  of  the  Himalaya  were  formerly  of  vastly 
greater  extent  than  at  present,  and  also  that  glaciers  existed  in  regions  where 
there  are  now  no  traces  of  them.  At  a  period  when  glaciers  were  capable  of 
existing  in  the  regions  indicated,  there  can  also  be  but  little  question  of  the  great 
difference  of  the  climate  from  that  which  at  present  exists,  and  there  can  be,  I 
opine,  no  stretching  of  terms  in  applying  the  term  "  glacial  period"  to  the  time 
of  such  extension  of  the  glaciers.  Mr.  CampbeH's  statement  that  "Indian 
glaciers  are  near  about  as  large  as  they  have  been  since  the  deposition  of  the 
Siwaliks  "  does  not  appear  to  me  to  be  borne  out  by  the  facts. 

No  evidence  of  a  Himalayan  ice-cap, — ^Although  there  was  undoubtedly  a  vast 
former  development  of  the  glaciers  of  the  Himalaya,  I  see  no  evidence  to  show  that 
there  was  ever  a  continuous  ice-cap  over  the  Himalaya;  indeed,  the  evidence, 
as  far  as  it  is  preserved,  tends  to  show  that  the  great  valleys  of  the  Himalaya 
were  only  filled  to  a  certain  limit  with  ice,  and  that  such  ice  conformed  to  the 
direction  of  the  valleys.  Smaller  glaciers  and  snow-sheets  doubtless  filled  the 
tributary  valleys  and  covered  the  flanks  of  the  higher  ranges ;  but  it  appears  to 
me  probable  that  the  summits  of  such  ranges  and  peaks  always  stood  out  dear 
above  the  ice.  It  would,  indeed,  appear  preposterous  to  suppose  when  we 
have  a  river  valley  at  7,000  feet  containing  a  glacier,  that  the  ice  of  such 
glacier  should  extend  up  and  envelope  ranges  and  peaks  of  over  20,000  feet  in 
height :  such  an  amount  of  ice,  if  it  extended  in  proportionate  quantity  from  the 

»  Supra,  Vol.  XI,  p.  174 ;  Vol.  XIII,  p.    61. 
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Himalaya  to  the  pole  and  tlius  round  the  world,  would,  I  imagine,  require  abnost 
the  whole  of  the  water  on  the  globe.  From  these  considerations  it  appears 
to  me  that  the  arguments  used  bj  Mr.  Campbell  in  his  paper  already  quoted, 
as  to  the  non-existence  of  a  glacial  period  in  the  Himalaya^  on  the  ground  that 
the  higher  ranges  do  not  present  a  glaciated  appearance  in  a  distant  view,  ^lls 
to  the  ground.  The  existence  of  a  glacial  period,  such  as  I  have  indicated,  is, 
therefore,  in  perfect  accord  with  the  condition  now  prevailing  in  the  higher 
EDimalaya.  The  condition  of  the  Himalaya  at  this  period  was  probably  much 
the  same  as  that  of  Switzerland  at  the  same  time,  which,  *^  though  not  ioe- 
sheeted,  developed  glaciers  on  a  prodigious  scale."     (Le  Conte.) 

Evideyice  of  glacial  period  indistinct, — Taking  it  now  as  proved  that  there  did 
exist  a  glacial  period  in  the  Himalaya,  it  remains  to  consider  what  'ar«  the 
inferences  to  be  drawn  as  to  the  extent  to  which  the  Himalaya  was  affected 
by  such  glaciation.  The  very  faint  traces  which  this  glaciation,  even  in  the 
neighbourhood  of  the  present  large  glaciers,  has  left  has  been  already  commented 
on.  It  is,  however,  necessary  to  refer  to  this  point  somewhat  more  fully.  As 
the  ice  of  the  glacial  period  in  the  Himalaya  began  to  diminish,  it  is  quite 
evident  that  such  diminution  must  have  commenced  in  the  lowest  regions  to 
which  the  ice  reached,  and  that  the  last  regions  from  which  the  ice  disappeared 
were  those  in  the  immediate  neighbourhood  of  the  existing  glaciers,  where  the 
old  glaciers  must  have  lingered  longest.  Now,  if  the  traces  of  former  glaciation 
in  the  latter  regions  are  as  indistinct  as  I  have  shown  them  to  be,  is  it  not  natural 
to  suppose  that  in  the  lower  regions,  where  the  ice,  if  it  existed,  must  have 
disappeared  at  a  much  earlier  period,  still  less  distinct  traces  of  glaciation  should 
remain  P  Such  seems  to  be  undoubtedly  the  case  if  the  evidence  is  considered  as 
I  have  given  it  above.  We  have  firstly,  near  the  present  glaciers,  roches 
^nontonnees,  rock-groovings,  moraines,  and  perched  blocks ;  in  Kashmir,  we  have 
frequent  moraines,  and  rock-grooving  in  one  place ;  in  the  outer  hills,  blocks 
presumed  to  be  glacially  transported,  and  debris  assumed  to  be  of  morainic 
origin. 

Possibility  of  glaciation  of  outer  fl"i??iaZay a.— Without,  therefore,  for  one 
instant  presuming  to  attempt  to  settle  such  a  vexed  question  as  the  glaciation 
or  non-glaciation  of  the  outer  Himalaya,  I  may  yet  observe  that  the  absence  in 
those  regions  of  decisive  evidence  of  former  glaciation  is  only  what  would  be 
expected  to  be  the  case  from  the  traces  which  the  old  glaciers  have  left  in  the 
central  Himalaya.  It  might  be  argued,  from  the  statement  made  above  that  the 
glaciers  of  Baltistdn  did  not  probably  extend  below  a  level  of  7,000  feet  as  a 
continuous  ice-river,  that  there  could  be  no  glaciers  in  the  outer  hills  at  lower 
levels  than  this.  Against  this  objection,  however,  it  may  be  urged  that  local 
glaciers  did  descend  down  to  the  Indus  at  lower  levels,  as  the  one  already  instanced 
at  Katsura  (and,  for  aught  I  know,  there  may  have  been  others  lower  down),  and 
also  that  we  have  evidence  of  old  glaciers  at  lower  levels  in  Kashmir.  It  is  also 
probable  that  in  the  glacial  period,  as  now,  there  was  a  larger  rainfall  in  tlie 
outer  than  in  the  inner  Himalaya,  which  would  tend  to  increased  glaciation  in 
the  former  regions.  It  may  further  be  added  that  if  a  glaciation  of  the  outer 
hills  ever  took  place  it  has  probably  not  been  in  the  form  of  a  continuous  sheet 
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bat  only  as  glaciers  flowing  here  and  there  from  the  higher  ridges  and  peaks,  and 
thence  down  the  valleys  towards  the  plains. 

TAe  glacial  period  of  the  Himalayan  was  general, — The  glaciation  of  northern 
Europe  occurred  during  the  pleistocene  period,  and,  as  we  have  already  seen,  the 
great  extension  of  the  Himalayan  glaciers  occurred  after  the  deposition  of  strata 
wtich  probably  belong  to  some  part  of  the  same  period.  There  is,  therefore, 
every  probability  that  the  glaciation  of  Europe  and  the  Himalaya  was  contem- 
poraneous, and,  therefore,  that  the  cause  of  this  glacial  period  was  general  and 
not  local.  I  entirely  agree  with  the  statement  of  Mr.  Campbell,  that  "  vast  sheets 
of  polar  ice  did  not  climb  over  the  Alps,  the  Caucasus,  the  Himalayas,  and 
the  Rocky  Mountains,  leaving  sharp  ridges  between  11,000,  18,000,  and 
28,000  feet  high  ;"  but  this  does  not  convince  me  that  there  was  not  a  genera, 
period  of  far  greater  cold  than  exists  at  present,  when  mighty  glaciers  existed 
in  latitudes  and  at  elevations  where  there  are  now  no  traces  of  them.  It 
appears  to  me  that  Mr.  Campbell's  main  ground  of  disbelief  in  a  general  period 
of  cold  is  based  on  his  not  finding  that  the  whole  of  the  northern  hemisphere 
shows  traces  of  having  been  covered  by  a  continuous  ice  sheet.  The  facts 
flhow  that  in  America,  Europe,  and  Asia,  there  was  undoubtedly  a  contem- 
poraneous extension  of  glaciers,  but  the  fact  of  this  extension  being  greater 
in  one  region  than  another  by  no  means  invalidates  the  existence  of  a 
general  glacial  period.  Then,  as  now,  Asia  may  have  been  hotter  than  Europe, 
and  the  limits  to  which  glaciation  extended  in  the  former  continent  may  have 
been  more  confined  than  in  the  latter,  without  in  the  least  afFecting  the  supposition 
that  the  general  temperature  of  the  northern  hemisphere  was  far  lower  than  at 
present. 

Came  of  greater  disappear aiice  o;  glacial  traces  in  the  Himala/ya  than  in  Europe. — 
Assuming  that  the  glaciation  of  the  Himalaya  and  of  northern  Europe  was 
contemporaneous,  it  becomes  a  very  interesting  question  to  consider  why  the 
traces  left  by  this  glaciation  are  so  much  less  clear  in  the  former  than  in  the 
latter.  Why  in  fact  that  in  Europe,  as  in  Korth  Wales,  whole  mountains  and 
valleys  have  retained  the  features  impressed  upon  them  by  the  glacial  period,  while 
in  the  Himalaya  such  features  are  only  exceptionally  preserved,  and  that  the 
general  appearance  of  the  country  is  not  that  of  a  glaciated  one.  One  answer  to 
this  question  is,  doubtless,  that  in  Wales  the  whole  country  was  glaciated,  and 
all  the  ranges  and  hills  swept  over  by  one  continuous  sheet  of  ice,  which  we  have 
Been  reason  to  believe  was  never  the  case  in  the  Himalaya.  Such  an  ice-cap 
would,  undoubtedly,  leave  more  lasting  traces  on  the  country  than  would 
merely  large  glaciers  in  the  valleys.  This  answer  will,  however,  not  apply  when 
we  compare  the  Himalaya  and  the  Alps,  in  both  of  which,  as  we  have  said, 
there  was  no  ice-sheet,  and  it  cannot,  therefore,  solve  the  question;  hence 
there  must  evidently  be  another  answer.  This  other  answer  may  be,  that  in 
the  Himalaya  the  agents  of  erosion  have  acted  with  a  far  greater  degree  of 
rapidity  and  energy  than  in  Europe,  and  have  thus  removed  to  a  greater  extent 
the  traces  of  glaciation.  In  the  outer  hills,  the  periodical  rains  are  certainly 
far  more  violent  than  any  rain  in  Europe,  and  in  parts  of  the  Himalaya,  as  at 
Darjiling  and  the  Khasi  hilLs,  the  volume  of  water  thus  descending  is  far  greater 
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Athyris  subtilita.    (HalL)t 
„        royssi.     (L'EvOtt 
Camarophoria,  sp. 
Chouetes  ?  austenia.     (Dav.) 

„  hardrensis,  (Pbil).  var.  tibctensis.     (l)av.)»t  J 

„  laevis.     (Dav.) 

Discina  kashmiriensis  (Dav.) 
Orthis  sp.     (Dav) 
Productus  cora  (D*Orb  )t  J 
costatns.    (Sow.)  J 
hnmbolti.     (D'Orb.)  J 
loBvis.     (Day.) 
longispinns.    (Sow.)t  { 
scabricnlus.   (Mnrt.)t  it 
semircticulatas.    (Mart.)t  % 
spinulopus  ?.    (Sow.)J 
striatuf.    (Fi8cb.)t 
Retzia,  sp. 

Rhjncbonella  barnsiensis.'    (Dav.) 
„  kasbmiriensis      (Dav.) 

w  pleuTodon,  v.  davreuxiana.  (D.  EonOt 

Spirifer  barusiensis.    (Dav.) 
kasbmiriensis.    (Dav.) 
moosakaliensis.    (Dnv.)t 
raja.     (Salt.) 
striatus.f  J    (Mart.) 
vercheri.     (Terncuil.) 
vibinna.    (Dav.) 
Spiriferina  octoplicnta.     (Sow.)t  J 
Streptorbyncbus  (Orthix)  crpnistria.    (Pbil.)t  J 

•  Stropbomena  rbomboidalis.    (Weblenberg)  var  aualoga  (Pliil).t  J 
Terebratula  austeninna.  (Dav.) 
Fenestella  lepida.    (D.  Kon.) 

*  „        sykesi.    (D.  Kon.) 

*  „        megnstoma.     (D,  Kon.) 
Protoretepora  ampla.     (Lonsdale.)! 

•  Vincularia  multangnlaris.     (Portlock.)J 
Pbillipsia  semenifera  (?)  (I'billips.)'^ 
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1  This  name  should  be  clmn^cd  to  kaMhm>rieii$it. 

*  Apparently  mienamfd  htrumentit  in  DaTidsou's  descrtption  ;  the  name  shonid  be  &ar««i>ft«;«,  from  the  villaire 
of  BaruH,  in  the  Vihi  district  of  Kl^shrofr. 

•  1*  iKured  as  Atapku*  temtviferut  in  Phillips'  "  Geology  of  T^rkfihire,"  1836.  pi.  XXII,  flg.  10. 
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Noie  an  sortie  Siwalik  Garnivora. — By  B.  Ltdbeebb,  B.A.,  F.Z.S.,  Oeological 

Survey  of  India, 

In  a  recent  nomber  of  the  "  Qnarterly  Journal  of  the  Geological  Sodeiy  of 
London,"'  a  x^^per  on  Siwalik  camiyora  by  Mr.  P.  N.  Bose  has  appeared,  in 
whicli  certain  new  species  are  described.  As  it  appears  to  me  that  the  evidence 
on  which  these  so-called  new  species  are  founded  is  by  no  means  yalid,  a  short 
notice  of  the  paper  is  necessary  here.  It  may  be  added  that  as  the  description 
of  the  remains  of  SiwpHk  camiyora  in  the  collection  of  the  Indian  Musenm  will 
appear  on  a  fntore  occasion  in  the  "  Paleeontologia  Indica,"  only  those  points 
in  which  my  own  conclusions  differ  from  those  of  Mr.  Bose  are  here  touched 
upon. 

In  the  introductory  paragraphs  of  his  paper  the  author  contends  for  the  old 
yiew  of  the  exclusiyely  miocene  age  of  the  Siwaliks,  and  as  the  yiew  of  the 
partly  pliocene  age  of  these  rocks  has  been  advanced  by  the  officers  of  the  Geolo- 
gical Survey  of  India,  before  showing  in  what  respect  my  own  conclusions  as  to  the 
number  of  species  of  Siwalik  camiyora  differ  from  those  arrived  at  by  Mr.  Bose, 
it  will  be  well  to  endeavour  to  see  whether  the  objections  raised  by  him  against 
the  newer  view  are  of  such  weight  as  to  lead  to  its  abandonment.  Mr.  Bose's 
objections  are  classed  under  two  heads — stratigraphical  and  palseontological. 

In  regard  to  the  fin^  of  these  heads,  our  author  '  objects  to  the  provisional 
correlation  of  the  unfossiliferous  upper  Manchhar  beds  of  Sind  with  the  fossili- 
ferous  iypical  Siwaliks,  forming  the  higher  and  middle  portions  of  that  series  ; 
and  also  of  the  fossiliferous  lower  Manchhars  with  the  generally  unfossiliferous 
lower  Siwaliks  (Ndhans),  as  set  forth  by  Mr.  W.  T.  Blanford  in  the  "  Manual  of 
the  Geology  of  India."'  In  objecting  to  this  correlation,  Mr.  Bose  advances  some 
general  statements  as  to  the  difficulty  of  correlating  particular  zones  when  they  are 
not  both  f ossiliferouB,  and  urges  that  as  some  of  the  lower  Manchhar  fossils  are 
common  to  the  upper  and  middle  Siwaliks,  the  two  are  approximately  on  the  same 
horizon.  The  general  parallelism  in  the  lithological  composition  of  the  whole 
Siwalik  and  Manchhar  series,  as  set  forth  by  Mr.  Blanford,  is,  however,  over- 
looked. As  to  the  second  objection,  it  may  be  freely  granted  as  probable  that  some 
fossils  have  been  obtained  in  the  Siwaliks  from  a  horizon  corresponding  to  the 
lower  Manchhars,  and  that  the  two  faunas  pass  gradually  into  each  other,  yet 
the  fact  still  remains  that  the  Sind  fauna,  as  far  as  known,  does  not  contain  the 
essentially  modem  forms  of  the  typical  Siwaliks.  This,  coupled  with  the  litho- 
logical correspondence  of  the  rocks  of  the  two  series,  leaves  a  strong  primd/a,cia 
probability  for  the  correctness  of  Mr.  Blanf ord's  view. 

Leaving  now  the  stratigraphical,  we  may  proceed  to  the  palssontological  aspect 
of  the  question,  and  in  this  case  we  may  treat  the  whole  of  the  Siwaliks  and 
Manchhars  as  forming  one  continuous  tertiaiy  formation,  entirely  apart  fron> 
any  question  of  particular  beds.    In  regard  to  the  age  of  this  series  as  a  whole,, 

1  Vol.  XXXVI,  p.  119. 
'  Z/oe,  cil,f  p.  120. 
*  p.  681. 
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Mr.  Blanford*  conclndes  that  the  highest  beds  from  which  fossils  have  been 
obtained  are  probably  of  upper  pliocene  age,  and  the  lower  of  npper  miocene ; 
the  main  fossiliferons  horizons  being  lower  pliocene  and  upper  miocene.  This 
determination  renders  it  necessary  to  assume  that  numerous  genera  of  miocene 
mammals  survived  into  the  pliocene,  and  it  is  to  this  survival  that  Mr.  Bose 
mainly  objects.  He  observes  that  such  a  theory  should  only  be  admitted  '^  if  the 
ossiferous  Siwaliks  were  proved  by  clear  stratigraphical  evidence  to  belong  to 
the  pliocene  epoch,  or  if  the  Siwalik  fauna  could  be  shown  to  have  decidedly 
stronger  affinities  with  the  pliocene  than  with  the  miocene  faunas  of  other  locali- 
ties." He  then  goes  on  to  say  that,  ''  it  is  certain  that  by  far  the  greater  number 
of  the  animals  composing  the  Siwalik  fauna  lived  at  an  epoch  between  the  middle 
miocene  and  the  middle  pliocene,  and  the  question  is  whether  the  fauna  should  be 
quoted  as  upper  miocene  or  lower  pliocene."  It  is  then  stated  that  the  question 
will  be  answered  by  the  camivora,  but  that  if  the  whole  fauna  were  taken  into 
account  the  result  would  be  the  same.  Our  author  then  goes  on  to  show  that  a  large 
percentage  of  the  genera  of  the  Siwalik  camivora  are  extinct,  and  belong  to 
European  miocene  types  ;  while  in  the  pliocene  of  Europe  most  of  the  genera  of 
carnivores  are  still  living.  The  question  of  the  miocene  or  pliocene  age  of  the 
Pikermi  beds  is  next  touched  upon,  and  M.  Gaudry  is  somewhat  naively  referred 
to,  not  only  as  supporting  his  own  views  as  to  the  miocene  age  of  these  beds,  bat 
as  doing  so  in  a  volume  which  must  certainly  have  b«en  written,  and  probably 
printed,  before  these  views  had  ever  been  called  in  question'  !  Finally,  onr 
author  concludes  that  the  Siwalik  and  Pikermi  faunas  are  of  the  same  age,  and 
must  be  referred  to  the  upper  miocene,  adding  the  significant  remark  that  there 
must  probably  be  some  pliocene  forms  among  the  latter. 

In  regard  to  the  Pikermi  beds,  Mr.  Bose  completely  traverses  his  own  axioms. 
He  has  said  that  the  pliocene  age  of  the  Siwaliks  can  only  be  admitted  on  clear 
stratigraphical  evidence,  and  yet  in  the  case  of  the  Pikermi  beds,  he  deliberately 
ignores  the  fact  brought  forward  by  Mr.  Blanford,'  that  they  rest  on  beds  with 
a  marine  pliocene  fauna. 

In  regard  to  the  Siwaliks,  Mr.  Bose  appears  not  to  have  seen  the  full  bearing 
of  his  own  premises,  and  to  have  just  missed  the  one  legitimate  conclusion  to  be 
derived  from  them.  He  speaks  of  the  admixture  of  miocene  and  pliocene  forms 
in  this  formation,  and  yet,  apparently  led  away  by  the  preponderance  of  miocene 
genera,  says  that  the  whole  formation  must  be  of  miocene  age,  not  recognising 
the  circumstance  that  the  first  appearance  of  a  genus  is  of  far  more  significance 
than  its  last  appearance.  Consequently,  such  forms  as  the  horses,  the  oxen, 
the  elephants,  and  the  bears  are  forcibly  dragged  down  into  the  miocene,  when 

>  Loe,  ei/.,  p.  681.  The  same  conclusions  are  repeated  in  a  later  memoir :  "  Memoirs  Geolo- 
gical Survey  of  India,"  Vol.  XVII.  p.  66. 

•  The  miocene  age  of  the  Pikermi  beds  was  first  called  in  question  by  Mr.  W.  T.  Blanford 
in  "Nature"  for  September  5th,  1878:  the  volume  quoted  by  Mr.  Dose  "  Les  Enchainements 
du  Monde  Animal,  &c.,"  in  which  M.  Gaudry 's  latest  opinions  are  expressed,  was  published  in  the 
same  year. 

»  ••Manual,"  p.  684. 
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thej  are  nnknown  in  Europe  before  the  apper  pliocene  J  One  instance  of  the 
presence  of  such  essentially  modem  genera  in  a  formation  appears  to  me  to  far 
outweigh  the  presence  of  a  number  of  somewhat  older  genera,  which  may 
perfectly  well  be  survivals.  As  Mr.  Blanford  has  pointed  out,'  the  Indian  and 
African  regions  are  now  the  sole  habitats  of  most  of  the  larger  mammalia  allied 
to  those  of  the  miocene  and  pliocene ;  and  there  is  consequently  a  very  strong 
presumption  that  in  these  favourable  regions  the  tertiary  mammalia  may  have 
lingered  longer  than  in  other  parts  of  the  globe,  which  have  not  enjoyed  a 
tropical  climate  in  modem  times. 

In  regard  to  the  time  of  its  appearance,  the  genus  Equus  is  of  especial  signi- 
ficance, since  its  evolution  has  been  worked  out  with  a  great  degree  of  probability 
of  correctness  by  Professors  Marsh  and  Huxley.  Professor  Huxley's  words  are 
as  follows :— "  Firstly,  there  is  the  true  horse  [previously  stated  to  occur  in 
Earope  '  in  the  quaternary  and  later  tertiary  strata  as  far  as  the  pliocene  for- 
mation']. Next  we  have  the  American  pliocene  form  of  the  horse  (FUohipjpus). 
Then  comes  the  Protokippus  [also  pliocene],  which  represents  the  Euro- 
pean H'ijppartot^ But  it  is  more  valuable  than  the  European  Hippa/rion^ 

for  the  reason  that  it  is  devoid  of  some  of  the  peculiarities  of  that  form— • 
peculiarities  which  tend  to  show  that  the  European  Hipparion  is  rather  a 
member  of  a  collateral  branch  than  a  form  in  the  direct  line  of  succession."' 
In  a  neighbouring  paragraph,  the  professor  remarks  that  we  must  probably 
"  look  to  America,  rather  than  to  Europe,  for  the  original  seat  of  the  equine 
series."  If  this  view  of  the  evolution  of  the  horse  be  at  all  correct,  namely, 
that  it  was  evolved  in  America  from  a  form  unknown  before  the  pliocene,  it  is 
absolutely  impossible  that  it  could  have  lived  in  Asia  in  the  miocene.  In  India, 
remains  of  the  genus  Equus  have  never  been  obtained  in  Perim  Island,*  Sind, 

I  In  his  paper  on  the  claBsification  of  the  tertiaries  of  Europe  hy  means  of  the  mammalia 
(Qnar.  Jour.  Geol.  Soc.,  London,  IbSO),  Mr.  W.  B.  Dawkins  lays  great  stress  on  these  genera  as 
heing  characteristic  of  the  upper  pliocene.  In  the  same  paper  (p.  389),  however,  the  Siwaliks,  in 
which  all  the  genera  occur,  are  qnoted  as  miocene.  In  his  late  work  "  Early  Man  in  Britain" 
(p.  167),  the  pleistocene  age  of  the  Narhada  series  is  accepted.  Mr.  Dawkins  would  seem  to 
he  unaware  that  Bubalus  paltnndicus  occurs  in  the  Narhadas  and  the  upper  Siwaliks.  It  may 
be  noted,  in  passing,  that  in  the  last  passage  cited,  Bos  palmndicu*  is  put  for  Bubalus  palm- 
indicus,  and  Bubalus  namadicus  for  Bos  namadicus.  The  same  error  was  made  in  Mr.  Dawkins' 
earlier  work — •*  Cave- Hunting"  (p.  428),  and  was  pointed  out  by  myself.  ("  Pal.  Ind.,"  Ser.  10, 
Vol.  I,  p.  138.) 

'  Lcc.  cii.,  p.  682. 

»  "  American  Addresses,"  London,  1877,  Lecture  III,  pp.  80,  86,  87.  See  Gaudr/s  "  Les 
Enchainements  du  Monde  Animal,  etc.,"  Paris,  1878»  Chapter  V.  Also,  Haiighton's  "  Six  Lec- 
tures on  Physical  Geography,"  Dublin,  1880,  p.  282.  Professor  Marsh  is  of  opinion  that  the 
American  strata,  classed  as  the  homotazinl  equivalents  of  the  tertiaries  of  Europe,  are  chronologi- 
cally somewhat  older  than  those  of  Europe.  On  this  hypothesis  it  is  easy  to  see  how  a  form 
originating  in  America  in  one  geological  period  may  have  reached  Europe  or  Asia  during  the  same. 

*  JEquus  was  stated  by  Falconer  to  have  been  found  in  Perim  Island ;  the  remains,  however, 
are  really  those  of  Hippoiherium.  It  is  somewhat  noteworthy  that  before  the  American  horse-like 
animals  were  known.  Professor  Huxley,  probably  relying  on  the  supposed  miocene  age  of  the 
Stwalika,  quoted  the  genus  Equus  as  occurring  in  the  miocene  (Presidential  Address  to  the  Geo- 
logical Society,  1870,  p.  xlix).  Subsequently,  however,  he  has  always  alluded  to  it  as  being 
unknown  before  the  pliocene  (See  **  Critiques  and  Addresses",  London,  1873,  p.  308,  and 
*  American  Addressee",  loe,  cif). 
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the  Western  Punjab,  or  Burma;  and  such  as  have  been  obtained  from  the  typical 
Siwaliks  by  Mr.  Theobald  are  derived,  I  believe,  from  beds  very  high  in  the 
series,  probably  the  same  as  those  yielding  Oameltu  and  Bubalus  palmndicuSf 
which  Mr.  Blanf ord  is  inclined  to  refer  to  the  upper  pliocene. 

Again,  mastodons  are  unknown  before  the  middle  miocene,  and,  in  Europe, 
the  true  elephants  before  the  upper  pliocene.  Now,  it  is  almost  certain  that  the 
mastodons  are  the  direct  ancestors  of  the  elephants,  and  if  the  origin  of  the 
latter  is  carried  back  to  the  upper  miocene,  it  is  doubtful  if  there  would  be 
sufficient  time  for  their  evolution. 

The  local  survival  of  old  forms  to  a  later  stage,  in  place  of  presenting  great 
difficulties,  appears  to  me  what  is  only  natural  to  expect.  It  is  quite  true,  as 
stated  by  Mr.  Bose,  that  we  do  not  find  many  extinct  genera  in  the  pliocene 
of  middle  Europe ;  but  this  is  probably  due  to  the  fact  that  in  later  tertiary 
times  the  climate  was  unsuited  for  tropical  forms,  which  most  of  the  miocene 
mammals  probably  were.  In  South  America  and  Australia,  a  vast  number  of 
extinct  genera  lived  on  into  the  pleistocene,  and  it  is  probable  that  most  even 
of  the  pleistocene  mammals  of  that  country  are  now  extinct,  i 

There  is  one  other  point  which,  though  not  touched  upon  by  Mr.  Bose,  is  of 

very  considerable  importance  in  relation  to  the  age  of  the  Siwalik  fauna ;  this  is 

the  relative  degree  of  specialisation  of  the  animals,  not  as  regards  the  whole 

mammalian  class,  but  the  particular  genera  to  which  they  belong.     In  the  paper 

already  quoted,  Mr.  B.  Dawkins  has  applied  this  test  to  the  mammals  of  the  ter- 

tiaries  of  Europe,  and  has  shown  that  a  regular  ascending  scale  in  the  speciahsa- 

tion  or  development  of  certain  parts  of  the  frame,  such  as  the  feet,  the  teeth,  the 

horns,  and  the  antlers,  can  be  traced  as  we  ascend  through  the  tertiaries  to  the 

present  time.     Mr.  Dawkins  has  shown  that  in  the  upper  miocene  of  Europe,  the 

antlers  of  the  deer,  though  somewhat  larger  than  in  those  of  the  middle  miocene, 

were  still  small,  and  never  carried  more  than  three  single  tynes  throughout  their 

length.      The  pigs   were  also   provided  only  with   very  small  canines.      The 

rhinoceroses  had  all  low-crowned  (hrachydont)   teeth, ^  and  in  the  ruminants,  as 

shown  by   Professors   Gaudry  and  Lartet,  the  central  pits  in  the  teeth  were  less 

deep  than  in  living  species.    The  horns  of  the  antelopes  were  stiU  small.  Oxen  and 

horses  were  unknown.    In   the  lower  pliocene  none  of  the  deer  possess  large 

antlers,  nor  had  the  pigs  large  canines.     In  the  upper  pliocene,  oxen  in  which  the 

females  were  often  *  polled*  appeared,  and  Mr.  Dawkins  is   doubtful  whether  any 

of  the  females  were  furnished,  with  horns.     The  antlers  of  the  deer  attained  their 

full   development.      The  rhinoceroses   (except  B.   etruscus)  had    high-crowned 

(hypsodont)  teeth,  and  the  pigs  had  large  canines.     The  pits  in  the  teeth  of  the 

ruminants  had  attained  their  full  depth,  and  the  antelopes  had  long  horns.     The 

horses  had  attained  nearly  their  highest  specialisation  of  the  feet  bones.     In  the 

pleistocene  all  the  oxen  were  furnished  with  horns,  and  the  feet  of  the  horses  had 

attained  their  highest  development. 

*  As  I  have  stated  elsewhere  (Pal.  Ind.,  Ser.  X»  Vol.  I,  p.  xii),  I  believe,  taking  the  whole 
world,  most  of  the  pleistocene  mammnls  are  extinct,  though  this  is  not  the  case  in  Europe, 

•  Quar.  Jour.  Geol.  Soc..  Vol.  XXIV,  p.  214. 
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Tnniisg  now  to  the  Siwaliks,  we  find,  oxen  present  in  large  numbers,  some  of 
wliich,  according  to  Professor  RUtimejer,  bad  bomless  females,  wbile  otbers  bore 
horns  in  botb  sexes,  wbieb  in  some  species  attained  enormous  size.^  An  xmde- 
Bcribed  antler  in  tbe  Indian  Museum  sbows  tbat  the  deer  in  this  respect  bad  at- 
tained as  bigb  a  development  as  tbe  living  Asiatic  deer.  Several  of  tbe  rbinoce- 
rcNses  bad  large  boms,  and  tbej  bad  all  bigb-crowned  teetb'  ;  and  tbe  pigs  bad 
large  canines  (sbown  by  a  specimen  in  tbe  Indian  Museum).  Tbe  pits  in  tbe  teetb 
of  tbe  bigber  ruminants  were  deep,'  and  tbe  antelopes  seem  to  bave  bad  long 
bomfl.  Tbe  borses  bad  attained  tbeir  greatest  specialisation  in  tbeir  feet.  Tbe 
canines  of  Machairodus  bad  not  attained  sucb  a  large  development  as  in  tbe  pleis- 
tocene species. 

Tbe  above  comparisons  are  so  self-convincing  tbat  it  would  be  waste  of  time 
to  dwell  longer  upon  tbem :  tbey  sbow  in  tbe  most  unmistakable  ligbt  tbat  tbe 
TfiftTnTniklq  of  tbc  Siwaliks  bad  attained  a  stage  of  condition  at  least  as  bigb  as 
that  attained  by  tbose  of  tbe  miocene  of  Europe. 

But  tbere  is  yet  another  aspect  from  wbicb  Mr.  Bose's  conclusions  may  be 
objected  to :  be  first  of  all  purposely  goes  out  of  bis  way  to  endeavour  to  prove 
that  all  tbe  Siwalik  fossils  must  bave  been  derived  from  nearly  tbe  same 
horizon,  and  then  is  puzzled  by  tbe  admixture  of  forms.  Tbe  fact  proba  bly  is 
that,  at  all  events,  many  of  tbe  pliocene  forms  do  really  occur  in  a  bigber  zone 
than  tbe  miocene,  and,  tbougb  tbere  is  undoubtedly  a  great  ndxture  of  tbe  two, 
this  is  probably  not  so  great  as  Mr.  Bose  supposes. 

Tben  again,  Mr.  Bose  appears  to  consider  that  tbe  whole  of  tbe  fossili- 
ferous  series  of  tbe  Siwaliks  must  of  necessity  exactly  agree  witb  one  or 
other  of  tbe  typical  periods  of  tbe  European  rock-series.  This,  on  tbe  face 
of  it,  is  sncb  an  improbable — nay,  impossible — supposition  tbat  it  scarcely  re- 
quires refuting.  Tbe  whole  Siwalik  formation  consists  of  one  continuous  series 
of  rocks  from  tbe  nummulitics  up  to  tbe  topmost  conglomerates,  containing 
remains  of  Bubalua  palosindtcuSj  scarcely  distinguishable  from  tbe  living  bufPaloe. 
Since  it  is  probable  tbat  fossils  occur  tbrougb  a  very  considerable  thickness  of 
this  series,  taken  as  a  whole,  it  is,  on  tbe  face  of  it,  an  absurdity  to  say  tbat 
the  wbole  of  tbese  strata  must  exactly  correspond  witb  tbe  upper  miocene  of 
Europe,  and  tbat  none  of  tbem  could  bave  reached  up  to  tbe  pliocene. 

On  the  contrary,  finding  a  continuous  series  of  strata  containing  mammalian 
remains  wbicb  present  botb  pliocene  and  miocene  affinities,  and  in  which  tbougb 
the  exact  borizon  of  tbe  fossils  is  often  unknown,  yet  as  far  as  this  can  be 
determined,  tbe  older  types  occur  in  tbe  older  beds,  tbe  only  legitimate  deduction 
18,  tbat  we  bave  a  transitional  series  from  one  period  to  another,  and  tbat  to  a 
considerable  extent  tbe  older  forms  bave  survived  among  tbe  newer.  Hence, 
taking  the  Siwaliks  as  a  wbole,  I  cannot  see  tbat  Mr.  Bose  has  adduced  sucb 

1  See  « Pal.  Ind.,' Ser  X,  Vol.  L 

*  Bojd-Dmwkins :  Qaar.  Jonr.  Qeol.  Soc.,  Vol.  XXIV,  p.  216.  Struck  with  this  pecnliaritj, 
¥t,  Dewkina  in  thia  paaaage  auggeated  hia  douhta  aa  to  the  miocene  age  of  tbe  Siwalika,  a  atate- 
ment  which  he  appeara  anbaequently  to  have  forgotten. 

>  PaL  Ind.,  Ser.  X,  Vol.  I,  p.  65. 
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evidence  as  to  render  necessary  any  change  in  the  views  of  the  Indian  Survey 
as  to  the  age  of  these  rocks. 

When  treating  of  the  Siwalik  fanna  as  a  whole  in  a  recent  publication,'  this 
series  has  been  termed  by  myself  the  "mio-pliocene,"*  which  expresses  my  own 
idea  of  its  homotaxis.  For  this  term  some  might  prefer  to  substitute  the  ''  neo- 
gene  "  of  continental  writers. 

I  now  proceed  to  discuss  the  evidence  on  which  some  of  Mr.  Bose's  new 
species  are  founded. 

HviBNA  sivALENSis,  Falc.  &  Caut. 

(H.    SIVALENSIS    &   H.    FELINA,    Bose.) 

On  page  128  of  his  paper,  Mr.  Bose  describes  one  of  the  Siwalik  hyaena  skulls 
in  the  British  Museum  as  H.  sivalensis  of  Falconer  and  Cautley ;  while  on 
page  130  a  second  hysena  skull,  in  the  same  collection,  is  referred  to  a  new  species, 
under  the  name  of  J?,  felina.  The  claims  of  this  second  skull  to  specific  distinc- 
tion rest  on  the  absence  of  the  first  premolar,  the  approximation  of  the  canine  to 
the  second  premolar,  and  on  the  small  size  of  the  true  molar. 

The  British  Museum  collection  appears  to  contain  only  these  two  skulls  of 
Siwalik  hyaenas,  and  of  these  there  are  casts  in  the  Indian  Museum.  The  collec- 
tion of  the  latter,  in  addition  to  these  casts,  also  contains  two  nearly  complete 
skulls,  and  the  anterior  half  of  a  third  skull:  we  have,  therefore,  fuller 
materials  than  were  available  to  Mr.  Bose.  Of  these  three  skulls  one  presents 
the  normal  dentition  of  the  hyssna,  that  is,  there  are  four  premolars,  the  canine  is 
placed  at  a  considerable  distance  from  the  second  premolar  (0'6  inch),  and  the 
true  molar  is  of  the  average  dimensions  (0*69  x  0  35  inch).  In  the  second  skull 
the  first  premolar  is  absent,  and  the  second  approximated  to  the  canine  (interval 
=  0*22  inch) ;  the  true  molar  has,  however,  nearly  the  same  dimensions  as  in 
the  first  skull  (0*6  y  0*3  inch).  In  the  third  skull  the  first  premolar  is  likewise 
absent,  the  interval  between  the  second  premolar  and  the  canine  is  intermediate 
between  the  corresponding  interval  in  the  other  two  skulls  (0*3  inch)  ;  while  the 
true  molar  is  very  small  (0'4si/.  023  inch). 

The  first  skull  corresponds  to  Hyoena  sivalensis  as  restricted  by  Mr.  Bose  ;  the 
second  in  regard  to  the  premolar  and  canine  corresponds  to  H.  felina,  whilst  aa 
regards  its  true  molar,  it  corresponds  to  H.  sivalensis ;  the  third  agrees  with 
H.  felina  in  regard  to  the  absence  of  the  first  premolar,  and  the  small  size  of  the 
true  molar,  while  in  the  length  of  the  interval  between  the  canine  and  second 
premolar,  it  is  intermediate  between  JET.  felina  and  JET.  sivalensis. 

The  first  skull  would  certainly  be  referred  to  the  restricted  fl*.  sivalensis,  the 
third  probably  to  J?,  felina,  while  the  second  presents  intermediate  characters 
between  the  two  and  could  not  be  referred  to  either.  It  is,  therefore,  quite  clear 
that  the  characters  of  the  new  species  are  not  of  specific  value,  and  that  conse- 
quently there  is  only  one  known  species  of  Siwalik  hyesna,  which  must  be  called 
H.  sivalensis, 

*  **  Joum.  Ab.  Soc,  Bengal,"  Vol.  XLIX,  p.  6,  et  seq, 

'  I  am  qaite  aware  that  this  term  is  etymologically  indefensible ;  but  if  tbe  words  mtocene 
and  pliocene  are  treated  as  purely  abstract  terms,  apart  from  their  original  meaning,  there  can  b« 
no  objection  to  form  from  them  a  compound  term. 
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It  may  be  added  that  there  is  not  unfreqnently  a  considerable  amonnt  of 
yariation  in  regard  to  the  nnmber  of  teeth  present  in  the  same  species  of  cami- 
vora.  Professor  Huxley  has  recently  *  noticed  the  variation  in  the  number  of  the 
molar  series  in  the  genera  Otocyon,  Cams,  and  Kuon^  {Gyon)  among  the  Canidoe. 
Among  the  Felidce  the  occasional  presence  of  an  additional  lower  premolar  in  the 
tiger  has  been  noticed  by  myself'  ;  and  an  additional  molar  also  occasionally 
occurs  in  the  common  cat.'  In  the  bears,  there  is  also  a  considerable  variation  in 
the  number  of  the  premolars.  In  the  Siwalik  hyeena  the  suppression  of  the  first 
upper  premolar  seems  to  have  been  of  very  common  occurrence,  as  far  as  can  be 
judged  from  the  limited  number  of  specimens  at  our  command.  The  diminution 
in  size  of  the  upper  true  molar  is  a  less  frequent  character.  Both  these  deviations 
from  the  normal  hyeenatype  of  dentition  are  in  the  direction  of  greater  specialisa- 
tion, and  possibly,  as  Mr.  Bose  thinks,  indicate  an  inclination  towards  the  feline 
type. 

Machairodus  *  sivALEKSis,  Falc.  &  Caut. 

(M.    SIVALENSIS    &   M.    PALJeiNDICUS,    BoSC.) 

In  treating  of  the  remains  of  the  Siwalik  Machairodus,  Mr.  Bose  ^  has  sub- 
divided the  one  species,  M.  sivalensiSy  determined  by  Dr.  Falconer,  into  two,  to 
which  he  applies  the  names  M.  sivalensis  and  If.  paloeindicus.  In  this  case  also 
it  appears  to  me  that  the  remains  should  all  be  referred  to  one  species. 

The  remains  of  Siwalik  Machairodus  in  the  British  Museum  appear  to  consist 
of  two  crania,  two  upper  jaws,  and  four  lower  jaws,  all  in  a  more  or  less  broken 
condition.  The  two  skulls,  and  two  of  the  lower  jaws,  Mr.  Bose  refers  to  his  new 
species,  the  main  distinction  of  which  appears  to  be  its  greater  size.  In  the 
Indian  Museum,  we  have  a  fragment  of  a  lower  jaw,  with  three  teeth,  very  like 
one  of  the  British  Museum  specimens ;  part  of  a  single  upper  canine,  and  the 
hinder  part  of  a  young  skull. 

The  main  grounds  urged  by  Mr.  Bose  for  referring  his  specimens  to  two 
species  consist  in  their  alleged  difference  in  size.  One  species,  to  which  are 
referred  all  the  specimens  with  perfect  teeth,  is  said  to  be  about  the  size  of  the 
jaguar,  and  the  other,  to  which  the  skulls  and  two  broken  lower  jaws  are  assigned, 
is  said  to  be  nearly  equal  in  size  to  the  tiger. 

In  the  following  table  are  given  the  measurements  of  the  lower  camassial 
tooth  of  a  large  and  a  small  tiger,  and  also  of  the  same  tooth  in  the  so-called 
small  Siwalik  Machairodus  (M,  sivalensis)  :  the  two  specimens  from  which  the 
latter  measurements  are  taken  are  (a)   the  more  perfect  of  the  two  British 

*  "  Proc.  Zoological  Soc./*  1880.  p.  286. 

»  "  Journ.  As.  Soc^  Bengal,"  Vol.  XLVII,  pt.  II,  p.  2. 

*  See  "Nature/*  Vol.  VI,  p.  394;  the  skull  referred  to  in  this  passage  is  now  in  the  museum 
of  the  Royal  College  of  Surgeons. 

*  I  adhere  to  the  original  M<tchairodus  in  place  of  the  new  fangled  Macharodus  (and 
similarij  Acerotherium  for  Aeeratherium),  as  it  appears  to  me  that  when  a  name  has  once  heen 
assigned,  it  is  far  hotter  that  it  should  take  its  place  as  an  abstract  term,  withont  anj  reference  to 
its  origin.    Any  subsequent  etymological  alterations  are  to  my  mind  frivolous. 

*X.  e.,  pp.  122— 126. 
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Museum   specimens  mentioned  on  page   125   of  Mr.  Bose's  paper,  and  (6)  the 
above  mentioned  specimen  in  the  Indian  Museum  : — 

Maehairodus,  F^lis  tigrit. 

(a)         (b)  s ^. . 

Length  of  lower  camassial         ...    0*92      I'OS  0^3        1*18 

These  measurements  show  that  the  lower  jaws  of  the  Machairodus  belong  to 
an  animal  which  may  be  said  to  be  practically  as  large  as  the  tiger,  and  there  is, 
therefore,  as  far  as  these  specimens  go,  no  reason  for  separating  them  &om  the 
species  to  which  the  skulls  are  referred. 

On  page  127,  Mr.  Bose  gives  the  length  of  the  upper  camassial  tooth  of  M. 
sivalensis  as  1'3  inches.  The  lengths  of  the  corresponding  tooth  in  the  two  tiger 
skulls  of  which  the  lower  camassisd  has  been  already  measured,  are  respectively 
1*3  and  1*42  inches.  In  this  respect,  then,  the  so-called  small  Machairodui 
corresponds  in  size  very  closely  with  the  tiger. 

There  now  only  remains  the  lower  jaw  figured  by  Mr.  Bose,^  and  referred  to 
the  larger  species  (If.  paloeindictLs) .  This  specimen  does  not  contain  the  car- 
nassial  tooth,  but  the  base  of  the  preceding  premolar  is  preserved.  In  the  fol- 
lowing table  the  dimensions  of  this  tooth  are  given  (c),  those  of  the  correspond- 
ing teeth  in  the  jaws  referred  to  M^  sivalensis  (a  &),  and  those  of  the  corre- 
sponding teeth  in  the  two  tiger  skulls. 

a       b       o 

Length  of  last  premolar  ...  ...  0*75 — 0-85 — 0*9  0*9    TO 

The  last  lower  premolar  in  the  Machairodus  jaw  in  the  Indian  Museum  is 
thus  seen  to  be  intermediate  in  size  between  the  corresponding  teeth  in  the  British 
Museum  specimens,  and  the  limits  of  variation  between  the  three  are  much 
the  same  as  those  occurring  in  the  teeth  of  the  tiger. 

It  has  now  been  shown  that  all  the  known  teeth  of  the  Siwalik  Ma4:haifodu8 
indicate  that  they  belonged  to  an  animal  "  nearly  equalling  in  size  the  royal  tiger 
of  Bengal,"  and  as  the  last  expression  has  been  used  by  Mr.  Bose  to  indicate  the 
animal  to  which  the  skulls  belonged,  there  appears  to  be  no  question  but  that 
all  the  remains  must  be  referred  to  one  species,  viz,^  M.  sivalensis.  The  slight 
difEerence  in  the  form  of  some  of  the  lower  jaws  is  probably  owing  to  differences 
in  the  sex  and  age  of  the  animals  to  which  they  belonged. 

Felis  cbistata,  Falc.  and  Cant. 
(F.  CBISTATA,  and  F.  gbandigbistata,  (?)  Bose.) 

On  page  127  of  the  paper  under  consideration,  the  author  notices  an  im- 
perfect cranium  of  a  large  feline  from  the  Siwaliks,  in  the  collection  of  the  British 
Museum,  which  he  is  inclined  to  consider  as  distinct  from  Felts  oristata  of 
Falconer  and  Gautley,  and  for  which  the  provisional  name  of  F,  grandioristaia 
is  proposed. 

»  X.  c,  PL  VI,  figs.  1,  2. 
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The  grounds  for  the  proposed  specific  separation  of  the  specimen  in  question, 
are  that  it  belonged  to  an  animal  larger  than  jP.  cristata,  and  that  the  sagittal 
crest  is  more  developed.  The  typical  skull  of  the  latter  species  is  depicted  on 
Plate  XXI  of  Vol.  IX  of  the  "  Asiatic  Researches,"  and  described  by  Dr.  Fal- 
coner in  the  accompanying  memoir :  this  memoir  is  reprinted  on  page  ^15  (et 
seq.)  of  the  first  volume  of  the  "  Palaaontological  Memoirs." 

The  type  skull  of  F.  cristata  is  characterised  by  the  relative  shortness  of 
the  facial  to  the  cranial  portion,  but  as  the  former  portion  is  wanting  in  the 
specimen  described  by  Mr.  Bose,  an  exact  comparison  between  the  two  in  this 
respect  cannot  be  instituted.  On  referring  to  the  measurements  of  the  two  crania 
given  hj  Dr. .  Falconer*  and  Mr.  Bose,  •  it  will  be  seen  that  of  the  two  common 
measurements,  the  breadth  of  the  united  occipital  condyles  is  respectively  2*2, 
and  2' 7  inches,  and  the  width  of  the  skiill  across  the  zygomaa  8*0  and  8*1 
inches.  In  respect  of  the  condyles  Mr.  Bose's  specimen  is  undoubtedly  the 
larger,  but  in  the  width  of  the  zygomsB  the  two  skuUs  are  practically  the 
same.  In  regard  to  this  p4rt  of  the  skull,  Mr.  Bose  remarks :  ''  the  depth  of  the 
mesopterygoid  fossa,  as  well  as  the  length  of  the  basicranial  axis,  is  very  nearly 
the  same  as  in  the  larger  individuals  of  [the]  tiger ;  but  the  breadth  of  the  cra- 
nium at  the  zygomatic  arches  is  proportionately  much  the  same."^ 

Now,  on  referring  to  Falconer's  description  of  his  specimen,*  it  is  said  :  "  the 

parietals  are  longer  than  in  the  tiger The  occipital  is  large 

in  all  its  dimensions.  It  greatly  exceeds  that  of  the  tiger  of  the  same  size  in 
height,  and  equals  that  of  the  large  tiger,  No.  2."  In  a  following  paragraph  the 
nasals  are  shown  to  be  smaller  than  those  of  the  tiger,  and  in  the  table  of 
measurements  the  width  across  the  zygomsd  is  given  as  much  less  than  in  the 
tiger. 

Comparing  these  two  descriptions,  it  will  be  apparent  that  both  fossil  skulls 
belong  to  an  animal  in  which  the  hinder  part  of  the  skull  (basi-cranial  axis  in  one, 
and  parietals  in  the  other,  taken  as  comparisons)  is  at  least  as  long,  or  longer, 
than  in  the  tiger,  while  the  width  across  the  zygomsd  is  less.  The  two  skulls, 
therefore,  clearly  have  the  same  general  proportions.  The  greater  development 
of  the  parietal  crest  in  Mr.  Bose's  specimen  appears  to  me  merely  to  be  due 
to  diiference  in  age  or  sex.  As  to  the  alleged  difference  in  size  of  the  speci- 
mens, this  point  appears  to  be  very  slight :  w^e  have  already  seen  that  the  two  are 
of  the  same  width  across  the  zygomss,  while  in  some  of  the  other  measurements 
Mr.  Bose's  specimen  appears  to  be  intermediate  between  Falconer's  specimen  and 
the  tiger.  The  following  five  measurements  show  the  width  between  the  postorbitary 
processes  of   the  frontals  in  (a)   Dr.   Falconer's   specimen,  in  (&)    Mr.  Bose's 

*  Pal.  Mem.,  Vol  I,  p.  317. 
«  L,  c,  p.  12a. 

'  It  is  somewhat  dtflScalt  to  understand  the  latter  part  of  this  sentence,  as  the  skull  in  question 
k  said  to  be  as  large  as  that  of  the  tiger,  and  yet  the  width  across  the  zygomoe  is  less  ('1,  in 
place  of  9*6,  or  10,  inches), — vide  Falconer's  table  of  measurements. 

*  Loc,  eU^  p.  819. 
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specimen  (tsLken  from  a  cast),  and  (c)  in  the  large  skoUs  of  the  tiger  measured 
by  Dr.  Falconer,  and  in  a  smaUer  one  from  my  own  collection. 


Width  of  frontal  postorbitary  processes  : 


h  e 


«•!        8*6      '  4*2-8-6-2-9' 

In  this  respect^  therefore,  the  variations  in  size  between  the  two  fossil  specimens 
are  by  no  means  so  great  as  those  occnrring  in  the  skull  of  the  tiger ;  and 
from  this,  and  the  considerations  already  mentioned,  there  appears  to  me  to  be  no 
evidence  for  assigning  the  former  to  two  distinct  species.^ 

Canis  curvipalatus,  Bose, 

In  regard  to  this  species,  of  the  validity  or  nonvalidiiy  of  which  I  have  no 
means  of  judging,  I  have  only  a  few  remarks  to  make. 

It  appears  that  the  descriptions  of  the  species  given  in  Mr.  Bose's  paper  are 
not  intended  as  merely  preliminary  notices,  but  as  final  descriptions  of  the  newly 
named  species.  Now,  in  regard  to  the  new  species,  Oaim  curvipalatus,  described 
on  page  134,  there  is  no  figure  given  of  the  specimen  on  which  the  species  is 
founded ;'  neither  are  any  dimensions  appended,  while  the  description  is  of  the  most 
meagre  kind.  A  slight  comparison  is  made  between  the  specimen  and  the  skulls 
of  certain  foxes ;  but  in  general  the  specific  naines  of  these  animals  are  omitted, 
and  in  several  cases  it  appears  impossible  to  say  whether  Indian  or  Eiiropean  foxes 
are  referred  to.  The  same  looseness  of  names  is  observable  on  the  preceding 
page,  where  ''living  Indian  otter"  is  the  only  name  assigned  to  a  skull  whose 
measurements  are  given. 

The  imperfection  of  the  description  of  Cants  curvipalatus  is  such  that  it  is 
quite  impossible  to  determine  whether  or  no  a  palate  of  a  Oanis  from  the  Siwaliks 
in  the  Indian  Museum  belongs  to  this  species. 


The  Siwalih  Oraup  of  tha  Sub-Himalayan  region. — By  W.  Theobald, 
Deputy  SuperintenderUf  Oeohgical  Survey  of  India.^ 

1.  The  present  notes  are  the  result  of  several  seasons'  work  among  the  newer 
tertiary  rooks  of  the  outer  Himalayan  region,  between  the  SArda  river  on  the 
east  and  the  Indus  on  the  west,  and  I  shall  only  incidentally  allude  to  the  exten- 
sion of  the  group  over  a  larger  area. 

^  It  may  be  mentioned  that  in  a  paper  by  myself  in  the  Jonmal  of  the  Amatio  Sociely  of  Bengal 
(Vol.  XLIX,  Pt.  II),  the  three  above  noticed  species  of  camiyora  described  by  Mr.  Bose  are 
admitted  into  the  list  of  Siwalik  mammals.  Mr.  Bose's  paper  had  not  then  reached  India. 

*  Reference  is  given  to  an  old  and  bad  flgnre  by  Baker  and  Durand. 

<  I  wonld  fain  have  spared  onr  readers  the  display  made  in  the  first  17  paragraphs  (and 
others)  of  this  paper.  Had  such  foolish  criticism  been  directed  against  any  one  else,  I  might  hare 
ezpnnged  it,  as  onr  Records  have  already  been  too  mnch  disfignred  with  Mr.  Theobald's  style  of  ob« 
servation  and  discussion,  but  as  appUed  to  my  own  work  I  prefer  to  let  it  stand.  If,  indeed,  there 
had  not  been  a-donble  official  claim  involved — the  demand  for  some  account  of  Mr.  Theobald's 
services  for  the  last  six  years  and  his  own  partial  right  to  appear  in  these  pages — I  should  have 
declined  the  article,  as  full  of  misleading  statements  and  altogether  an  almott  useless  contribntioa 
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2.  PievionBly  to  the  examination  of  the  Snb-Himalajan  region  by  the  officers 
of  the  Geological  Snrrey,  little  Tiras  definitely  known  regarding  the  Siwalik  gronp, 
beyond  the  &ct  that  it  was  composed  of  a  vast  assemblage  of  beds  of  tertiary 
age,  wherein  were  entombed  the  remains  of  an  extremely  rich  &una,  and  the 
collectionB  sent  to  Europe  by  the  early  investigators  excited  the  utmost  interest, 
not  only  from  the  noyelly  and  variety  of  the  forms,  then  first  made  known  to 
science,  but  from  the  speculations  they  gave  rise  to  as  to  the  age  of  the  beds 
which  had  yielded  them,  some  of  the  fossils  clearly  indicating  a  pliocene  age, 
while  others,  no  less,  according  to  Buropean  experience,  pointing  to  an  older 
period.  Matters  were  in  this  state  when  the  publication  of  Mr.  Medlicott's 
memoir  and  map  of  the  country  between  the  Ganges  and  B&vi  in  the  3rd  volume 
of  the  Memoirs  of  the  Geological  Survey  threw  a  flood  of  light  on  the  ground 
rendered  classic  by  the  labours  of  Durand,  Baker,  Gautley,  and  Falconer,  &c.,  and 
for  the  first  time  a  detailed  description,  illustrated  by  maps  and  sections,  "^as 
given  of  the  physical  and  structural  features  of  the  vast  group  of  beds  collectively 
known  as  *  Siwalik,'  in  a  word,  Mr.  Medlicott's  memoir  left  little  to  be  added 
by  future  observers,  within  the  area  treated  of,  and  served  as  a  x)oint  of  departure, 
quoad  classification  and  nomenclature,  for  all  subsequent  work  connected  with 
Himalayan  geology. 

3.  Kow,  one  of  the  most  important  discoveries  enunciated  in  connection  with 
the  Siwalik  group  in  the  above  memoir,  was,  that  instead  of  consisting  of  one 
homogenous  group  of  beds,  it  really  comprised  two  groups^  separated  by  a  pro- 
digious unconf ormiiy ;  for  the  younger  of  these  groups  the  term  '  Siwalik '  was 
retained,  whilst  the  older  group  was  named  'N&han'  from  the  town  of  that 
name  in  the  Kaiarda  '  Ddn,'  near  which  town  the  clear  unconformable  section 
occurred,  whereon  Mr.  Medlicott  based  his  classification,  and  this  original  view 
or  interpretation  of  the  section  at  N4han,  involving  the  essential]  unconformity 
between  lower  Siwalik,  or  *  N&hans,'  and  upper,  or  '  Siwaliks '  as  now  restricted, 
enunciated  and  set  forth  in  1865,  is  still  maintained  and  upheld  in  the  Manual  of 
Geology  in  1879  (p.  524).* 

4.  That  there  may  be  no  misapprehension  on  this  point  I  will  quote  briefly 
Mr.  Medlicott's  latest  words  from  the  Manual  of  the  Geology  of  India,  when 
speaking  of  this  unconformable  junction  of  N&han  (p.  536)  :  ''  It  was  from  the 
examination  of  this  junction  that  a  clear  separation  was  proposed  between  a 
Siwalik  and  a  N&han  group.  It  is  not  yet  proven  that  such  a  separation  is  not 
maintained  eastwards,  throughout  the  middle  Himalayan  region,    but   it   is 

to  ovr  knowledge  of  the  formatioos  of  which  it  treatB.  We  have  already  had  more  than  enongh 
of  Urd'i  eye  views  of  the  Snh-Himalayan  rocks :  in  the  memoir  pablished  in  1864, 1  endeavoured 
to  give  a  critical  study  of  the  structural  features  upon  the  apprehension  of  which  a  right  in- 
terpretation of  the  rocks  depends ;  Mr.  Theobald  was  expressly  commiBsioned  to  correct  or  extend 
tbat  detailed  work ;  but  he  can  hardly  be  said  to  have  recorded  a  single  ohiervcUion  bearing 
upon  the  point :  those  questions  stand  now  exactly  as  I  left  them.  I  have  endeavoured  to  explain 
to  Mr.  Theobald  what  I  consider  to  be  his  mistakes,  but  in  vain :  the  paper  is  now  printed  from 
the  proofs  as  corrected  by  the  author.  It  only  remains  for  me  to  indicate  in  foot-notes  tome  of 
the  most  mbleading  statements.— H.  B.  Msdlioott. 

^  As  expresily  stated  "  for  use  within  this  special  region." — H.  B.  M. 
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certainly  not  difitingnisliable  to  the  north-west,  and  so  a  compromise  has  been 
adopted  to  speak  of  the  inner  or  '  N4han '  zone  and  its  representative  rocks  else- 
where as  lower  '  Siwaliks'." 

5.  These  are  intelligible  words  enough,  but  if  we  torn  to  the  tabular  arrange- 
ment of  the  tertiary  groups  at  page  524,  we  find  therein  a  veiy  lame  and  imper- 
fect reflection  of  them.  The  tertiary  rocks  are  there  divided  not  into  threCj  but 
into  two  unconformable  groups  only,  a  '  Sirmur '  or  eocene  group  and  a  '  Siwalik  * 
group,  simply  characterised  as  upper,  middle,  and  lower,  all  hrack^ed  together,  as  if 
no  such  gap  as  that  which  supervenes  above  the  '  Sirmur'  separated  the  lower  or 
'  N&han '  '  Siwaliks  *  from  the  rest.  This  is  more  remarkable,  as  a  miocene  group 
is  unrepresented,  and  the  great  'NiLhan'  series,  alike  unconformable  to  the 
'  Sirmur '  below  it,  and  the  *  Siwalik '  above  it  (of  known  pliocene  age),  would 
exactly  fiU  the  gap.  This  mode  of  compromising  a  question  of  fact  (which  really 
adtnits  of  no  compromise),  has  certainly  the  advantage  of  being  very  embarrass- 
ing to  pertinacious  critics  and  objectors,  as  any  one  who  wishes  to  dispute  the 
proposition  laid  down  on  page  524  can  be-  triumphantly  met  and  hampered  hj 
a  totally  different  version  contained  on  page  536  and  in  Introduction  zvii.  I 
object  moreover  to  the  misuse  of  the  word  'compromise*  in  the  passage 
I  have  quoted,  as  it  seems  to  me  something  quite  different.  '  Siwalik '  beds 
near  Ndhan  are  seen  to  rest  unconformably .  on  others  to  which  the  term 
*  Nahan  '  is  given  to  distinguish  them.  These  type  '  Nahans'  are  assumed  to  be 
'  Siwaliks,'  as  well  as  those  above  them,  and  hence  the  term  '  Nihan '  comes  to  be 
applied  elsewhere  to  undoubted  lower  '  Siwaliks.'  I  do  not  call  this  a  ''  com- 
promise "  in  any  sense,  but  merely  begging  the  question  at  issue  which  is  simply, 
are  the  beds  at  N^han  (the  type  *  N^hans ')  which  unconformably  support  upper 
'Siwaliks,'  themselves  'Siwaliks'  also,  or  are  they  not?  To  dub  them  with  a 
name  (lower  '  Siwaliks '  or  '  JN'ahans ')  where  it  is  uncertain  if  they  are  anything 
of  the  sort,  and  then  to  extend  the  term  to  lower  '  Siwaliks '  elsewhere,  whose 
relations  entitled  them  to  be  so  regarded,  is  neither  proof  nor  compromise  that 
I  can  see.^ 

6.  One  of  the  first  results  of  the  announcement  of  a  great  unconformity  tra- 
versing the  Siwalik  group  at  Nahan  was  the  hope,,  which  it  at  once  gave  rise  to, 
that  the  key  had  at  last  been  discovered  to  the  puzzling  mixture  of  animals  of 
miocene  and  more  modern  types  in  the  same  series  of  beds,  and  on  my  being 
directed  to  take  up  the  examination  of  the  *  Siwalik '  gfroup  or  groups,  with 
special  reference  to  the  separation  and  discrimination  of  a  'N^han'  from  a 
'  Siwalik '  fauna,  no  one  could  have  entered  on  the  task  assigned  me  more 
hopefully  than  I  did,  or  with  a  more  loyal  acceptance  or  belief  in  the  reality 
of  the  conclusions  at  which  my  colleague  Mr.  Medlicott  had  arrived. 

7.  True  it  is  that  the  small  cloud,  usually  described  as  no  bigger  than  a 
'  man*s  hand,'  though  it  is  ultimately  found  to  conceal  the  tempest  in  its  skirts, 

^  A  provisional  nrrangement  explicitly  made  pending  the  final  settlement  of  a  diflScnlty  i^ 
I  think,  correctly  called  n  '  compromise.'  Mr.  Theobald  was  expressly  sent  to  that  ground  (in  1873) 
to  dear  up  those  difficulties ;  he  has  done  so  by  ignoring  them,  and  he  would  now  substitute 
arbitrary  decisions  for  ^afe  and  intelligible  compromise.  There  are  no  onezpliuned  discrepancies 
in  the  '  Manual'  on  this  score. -^H.  B.  M. 


PART  1.]    TuzoBAisy^Tie  Siwalik  Group  of  f'Ae  Suh'HimeAtLyBLU  region.        69 

might  even  then  bave  been  discerned,  could  any  suspicion  of  future  diflBculties 
have  been  entertained  to  damp  the  enthusiasm  of  the  hour.  In  the  veiy  memoir 
quoted,  Mr.  Medlicott  admits  that  the  total  unconformity  displayed  by  the 
'  Ndhan '  and  '  Siwalik '  groups  on  the  M^rkanda,  near  N4han,  had  entirely 
disappeared  before  reaching  the  Sutlej,  and  a  note  is  appended  to  the  map  that 
the  colour  boundary  between  the  two  groups  on  that  river  is  a  purely  arbitrary 
one.  This  unexpected  behaviour  of  the  boundary  had  not,  however,  then,  the 
same  weight  or  significance  which  it  subsequently  acquired,  as  it  was  impossible 
to  divine  beforehand  which  condition,  that  of  conformity  or  unconformity,  con- 
stituted the  rule,  and  which  the  exception  as  regarded  the  relations  of  the  then 
newly  dissevered  groups,  the  *  N4han '  and  *  Siwalik,'  to  one  another. 

8.  A  serious  difficulty  was,  however,  soon  to  be  encountered.  It  was  abund- 
antly clear,  that  if  any  trustworthy  separation  was  to  be  effected  between  the 
'  Nahan '  and  '  Siwalik '  faunas,  it  would  be  necessary  in  every  case  to  be  able  to 
return  au  unequivocal  answer  to  the  question,  as  to  which  of  the  two  groups,  any 
beds  which  had  yielded  fossils  should  be  referred,  and  here  was  the  '  nib.'  No  ini- 
tial aid  was  afforded  by  the  type  section  on  the  Mdrkanda  near  N&han ;  as  there  the 
*  Nahan '  beds  were  totally  unfossiliferous,  whilst  at  a  very  short  distance  [80  miles] 
from  that  spot,  all  unconformity  between  upper  and  lower  *  Siwaliks  *  disappeared, 
never  to  he  redetected,  so  I  was  necessarily  compelled  to  the  shift  of  adopting  the 
best  provisional  scheme  of  classification  I  could,  if  I  did  not  abandon  the  attempt 
I  had  in  hand  as  hopeless,  and  if  eveiy  successive  scheme  I  could  think  of  proved 
untenable  and  contradictory,  the  result,  I  must  maintain,  was  due  rather  to  the 
inherent  conditions  of  the  problem  I  was  set  to  solve,  than  to  any  failure  of  my 
own  to  make  the  most  of  the  materials  before  me.  This,  I  think,  can  hardly  be 
gainsayed  when  it  is  remembered  that  the  faunal  separation  I  was  endeavouring 
to  effect  was  really  attempted  to  be  carried  out  in  a  group  of  beds  which  seem 
eveiywhere  else  to  be  one  and  indwistble,  both  faunally  and  lithologically,  and 
which  nowhere  in  the  Himalayan  region,  save  in  the  vicinity  of  Ndhan,  has  dis- 
played throughout  its  enormous  area  and  thickness  any  trace  of  unconformity  or 
interruption  of  conditions  of  deposition,  whilst,  at  the  same  time,  it  is  character- 
ised throughout,  as  a  whole,  by  a  wonderful  uniformity  over  large  areas  of  litho- 
logical  character,  and  the  gradual  and  insensible  jmanner  in  which  the  change  in 
mineral  character  in  its  beds,  vertically,  is  brought  about. 

9.  The  section  near  Nihan,  as  hitherto  interpreted,  has  indeed  ever  been  a 
sort  of  bed  of  Procrustes,  to  which  all  who  would  handle  *  Siwalik '  questions  were 
expected  to  conform,  and  its  bearings  are  far  from  confined  to  the  bald  issue  of 
conformity  or  the  reverse  between  upper  and  lower  *  Siwaliks,'  but  embrace  the 
solution  of  such  important  questions,  as  the  nature  of  the  rock  boundaries,  whether 
faulted  or  natural,  which  bound  the  whole  region  of  these  deposits.  Without, 
however,  travelling  beyond  the  simplest  issue  that  can  be  raised,  it  will  be  well 
U>  consider  the  question,  "are  the  'N&han'  beds  on  the  Mdrkanda,  which 
support  unconformably  tipper  *  Siwaliks,*  themselves  of  *  Siwalik '  age,  as  Mr. 
Medlicott  insists,  or  are  they  not  ?  and  if  not,  then  what  are  they  ? 

10.  It  would  of  course  be  most  satisfactory  if  we  could  solve  this  question  by 
reference  to  Mr.  Medlicott's  own  memoir,  wherein  he  establishes  the  distinction, 
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but  it  is  tLnf oiitmatelj  not  so  clear  as  cotdd  be  desired  what  was  the  cbief  reason 
which  weighed  with  Mr.  Medlicott  in  so  regarding  them.  Reference  totheabore 
memoir  leaves  no  manner  of  donbt  as  to  what  the  conclusion  was,  but  qniie 
otherwise  as  to  the  reason  for  snch  conclusion.  By  personally  referring  the 
matter  to  my  coUeagae,  however,  I  am  able  to  say  that  this  reason  was  fossil 
Bvidence,  and  this  statement  I  am  bonnd  to  accept^  but  1  should  not  have  deduced 
as  much,  unaided  by  Mr.  Medlicott  himself,  from  his  own  words  at  page  14  of 
his  Memoir,  where  he  distinctly  says :  ''  These  giant  fossils  are  found  through 
some  thousands  of  feet  in  thickness  of  the  '  Siwalik  '  rocks,  hut  my  mod  paUeiU 
tea/rch  and  enqtdry  on  the  spot  has  hitherto  fa/iled  to  trace  one  single  fosed  to  the 
Ndha/n  heds,^*  This  fact,  coupled  with  the  total  unconformity  of  the  two  sets  of 
beds,  does  seem  rather  a  Hibernian  reason  for  classing  them  together  as  Siwdlik, 
thereby  giving  rise  to  the  great  *  Siwalik '  unconformity,  which  has  proved  a  veiy 
'  incubus '  ttf  Sub-Himalayan  geology.^ 

11.  It  is  true,  no  doubt,  that  a  little  before  the  sentence  above  quoted,  Mr« 
Medlicott  writes :  *^  The  distinctness  thus  established  physically  between  the  two 
groups  is  borne  out  in  a  most  important  manner  by  fossil  evidence."  Unless  '  fossil 
evidence '  means  here  the  ahsencs  of  fossils^  this  assertion  simply  stands  in  the 
baldest  antagonism  to  &cts,  as  neither  at  the  time  Mr.  Medlicott  wrote  nor  since, 
has  a  single  specifically  determinable  fossil  been  found  in  the  Nahan  beds  of  the 
Kai&rda  or  Dehra  '  Duns.' 

12.  Of  course  there  is  something  behind  all  this  insistence  on  fossil  evidence. 
It  appears  that  although  Mr.  Medlicott  never  himself  could  find  fossils  in 
*  Nahan '  rocks,  yet  others  have,  m  his  opinion^  done  so,  but  I  propose  to  show, 
that  if  Mr.  Medlicott  is  correct  in  the  view  he  takes  of  the  discovery  of  fossils 
near  N^han,  it  not  only  does  not  hear  out  the  inference  he  deduces  therefrom,  bat 
actually  seriously  militates  against  the  classification  he  adopts. 

13.  By  reference  to  page  15  of  Mr.  Medlicott's  memoir,  it  will  be  seen  that  in 
1834  (or  thereabouts)  Lieutenant  Durand  discovered  a  fossiliferous  bed  of  clay 
''on  the  north  face  of  the  mountain  on  which  the  town  of  Ndhan  stands," 
identical  with  a  bed  previously  known  in  the  KiLlaw&la  pass  east  of  the  Jumna. 
From  this  statement  Mr.  Medlicott  deduces  three  conclusions,  one^  in  my  opinion, 
undoubtedly  erroneous,  the  other  two  probably  no  less  so. 

14.  The  erroneous  conclusion  is,  that  the  fossils  in  question  belong  to  loioer 
Siwalik  beds.  If  we  divide  the  Siwalik  group  vertically  into  three  equal  divisions 
(and  there  are  no  grounds  for  dividing  it  unequally),  then  I  do  not  think  that 
any  rocks  exposed  between  the  Jumna  and  Ganges  will  fall  between  the  lower 
group,  and  unless  the  fossil  locality  of  the  K^aw&la  pass  was  very  low  in  the 
section,  certainly  it  would  not,  yet  this  is  the  cardinal  reason  for  daceing 
'  N&hans '  as  lower  '  Siwalik.'  Of  course  the  temptation  to  do  so  is  great,  rather 
than  call  them  middle  '  Siwaliksi'  as  the  difficulties  attending  an  unconformiiy 

^  In  the  Memoir  quoted  the  name  '  Siwalik'  was  restricted  to  the  outer  rocks  and  'NAan ' 
to  the  inner.  The  '  compromise '  was  made  fifteen  years  later,  in  the  '  Manual/  in  view  of  the  per- 
sistent continnitj  of  the  stratxgmphical  sequence  west  of  the  Sntlej,  and  of  the  still  valid  presnmp* 
ti<m  that  GauUey  had  found  fossils  in  the  trae  Nihan  heds»  as  was  clearly  explained  from  the 
first  (Memoir,  p.  16). — ^H.  B.  M. 
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between  lower  and  middle  *  Siwaliks '  would  be  vastly  enhanced  by  placing  tbe 
tmconformity  between  middle  and  upper  \  Secondly ^  Mr.  Medlicott  appears  to  me 
to  attach  a  meaning  to  the  words  "  on  the  north  face  of  the  mountain  on  which 
the  town  of  N&han  stands,"  which  they  do  not  of  necessity  bear,  that  is,  in  under- 
standing the  words  to  be  equivalent  to  '  due  north  of  N&han.'  Now,  we  talk  of 
Lahore  being  north  of  Calcutta,  not  thereby  meaning  on  the  same  meridian,  and 
in  like  manner,  the  words  above  quoted  do  not  necessarily  mean  a  spot  in  the 
Ticinity  of  N&han  at  all!  Thirdly,  supposing  Mr.  Medlicott  to  be  correct  in 
referring  the  spot  in  question  to  the  immediate  vicinity  of  N&han,  towards  the 
base  of  the  hill  to  the  north,  what  grounds  are  there  for  confidently  referring  the 
fossil  (of  which  by  the  way  we  know  nothing)  to  his  '  N&han '  beds.  Undoubt- 
edly were  there  here  no  tmconformityf  he  would  be  justified  in  so  doing,  but  with 
an  unconformable  overlap  of  *  Siwaliks '  with  great  unconf onnity,  on  to  an  older 
group,  why  may  not  the  fossils  in  question  be  as  reasonably  (if  not  more  so,  all 
things  considered)  referred  to  an  '  outlier '  or  detached  pocket  of  '  upper  Siwalike ' 
among  the  older  beds,  or  within  their  area,  than  to  the  older  beds  themselves, 
which  hia  own  careful  search  has  shown  to  be  unfossilif erous  P  Totting  up  these 
facts,  on  what  a  lame  and  impotent  syllogism  does  not  the  '  SiwaHk '  unconformity 
seem  to  rest  P  a.  ^.,  '  lower  Siwalik '  foseiU  I  belter  occur  north  of  NIthan.  The 
only  rocks  I  know  north  of  N&han  unconformably  underlie  Stwalikt,  hence  these 
unconformahle  rocks  are  '  lower  Siwaliks '  also."  The  facts  being,  first,  the  fossils 
in  question  are  not  '  lower  Siwaliks' ;  second,  there  is  small  proof  of  their^  occur- 
ring where  Mr.  Medlicott  supposes  them  to  occur :  ihird^  it  is  altogether  doubtful 
if  they  occur  in  the  beds  Mr.  Medlicott  supposes  them  to !  and  this  is  the  sum 
total  of  the  important  fossil  evidence  on  which  no  specifically  known  fossil  plays 
any  part ! ! — "  Sohuntur  risu  tahulas"^ 

>  Mr.  Theobald's  *  firstly  *  is  only  an  *  I  do  not  think.'  As  to  his  '  seeondlyji  I  mnst  confess  I 
did,  and  do  still,  shrink  from  attributing  to  Oolonel  Cantley  and  his  coUeagnes  snch  imbecility  as  is 
here  impated.  The  '  thirdly '  is  an  instance  of  the  ease  with  which  Mr.  Theobald  adopts  any 
fancy  that  snits  the  notion  he  is  advocatiDg :  any  oyerlap-ontliers  of  the  upper  Siwaliks  in  the 
Kflian  area  here  coald  only  be  of  the  brown  or  ochrey  days,  or  of  the  soft  conglAnemtic  sand- 
stones that  occur  along  the  mun  boundary  close  by ;  whereas  Colonel  Cautley's  description  (as 
qooted  in  my  memoir,  p.  16)  leaves  no  room  for  doubt  that  the  bed  he  describes  belonged  to  the 
older  rocks.  It  may  be  well  to  give  the  fullest  authentication  to  a  fact  of  so  much  interest  by 
publishing  here  the  full  extract  from  Sir  Proby  Cauljey's  letter  (dated  26th  February  1869)  in 
answer  to  my  special  inquiries  about  the  fact  in  question  :^"  There  \b  no  doubt  whatever  of  the 
fact  of  *Tertebnite  animals  (fossil)  hadiig  been  found  on  the  Simalayan  side  of  Kihnn.  I  had 
been  long  mixed  up  with  the  geology  of  the  Siwaliks  near  the  Eastern  Jumna  canal  heads,  and  had 
found  numerous  fossils  in  a  stratum  which  for  want  of  a  better  name  I  called  '  clay  marl ' — a  sort 
of  hard  clay  conglomerate  much  impregnated  with  iron ;  this  iron  aifected  the  fossils  and  produced 
them  in  a  state  approaching  to  hydrate — black  and  yexy  perfect — Saurian^  Ruminant,  horse  in 
both  molan  and  incisors,  and  a  g^reat  yariety  of  animals  were  disinterred  by  me  out  of  this  clay 
marl ;  the  fossils  merely  consisted  of  teeth  and  bits  of  bone ;  there  were  no  symptoms  of  skeletons, 
in  fact  the  strata  of  this  day  marl  were  comparatiyely  thin ;  they  underlie  the  shingle  and  sand, 
and  in  the  Siwaliks  between  the  Jumna  and  Ganges  are  found  on  the  plains  side^  and  if  I  recollect 
right  not  on  the  Ddn. 

"The  stratum  is  a  very  remarkable  one,  and  the  fossils  in  it  are  equally  remarkable.  No 
mistake  can  possibly  have  arisen  on  the  subject.    I  found,  in  company  with  Colonel  Durand, 
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15.  If  we  turn  now  to  the  lithological  character  of  the  beds  as  ameazifi  whereby 
we  might,  in  spite  of  the  great  nnconformity,  find  ground  for  identifying  the 
beds  termed  *  Nttian '  with  lower  *  Siwaliks '  elsewhere,  the  result  will  be  found 
to  be  no  less  unsatisfactory  than  that  deduced  from  the  (so  called)  fossil  evi* 
dence.  A  certain  graded  similarity  of  mineral  character  and  aspect  seems  im- 
pressed on  the  clays  and  sandstones  of  the  entire  tertiary  series,  so  that  a  con- 
siderable proportion  of  the  beds  of  the  vast  whole,  can  be  differentiated  from  one 
another  by  no  more  marked  characters  than  slight  differences  of  degree  in  their 
hardness,  or  slight  variations  in  colour,  and  when  the  enormous  thickness  of  the 
whole  series  is  considered,  this  is  a  formidable  obstacle  to  any  reliable  correlation 
of  distant  sections  by  mineral  character  only.  It  may  be  (and  is)  easy  enough 
to  separate  by  mineral  character  beds  on  an  upper  SiwaJik  horizon  from  beds  low 
down  in  the  Sirmur  group,  but  it  is  by  no  means  equally  easy  to  discriminate 
between  ' lower  Siwaliks'  and  ' upper  Sirmurs,'  and  it  is  just  here  Mr.  Medlicott 
has  failed.  The  eyidence  whereon  the  '  N&hans '  are  referred  to  the  *  Siwalik ' 
group  rather  than  to  the  '  Sirmurs '  is  wholly  valueless,  and  if  there  was,  there- 
fore, no  other  reason  than  the  huge  anomaly  of  this  local  unconformity,  it  alone 

the  same  Btratnm  on  the  Himalatfon  or  northward  tide  of  ike  tomn  of  Ndkan,  thereby  showing  to 
me  clearly  that  all  the  formation  between  that  and  the  plains,  inclnding  the  mountain  on  which 
Nihan  stands,  were  Siwaliks— at  least  I  in  my  nnsophisticated  knowledge  of  geology  came  to  that 
conclusion. 

"  I  gave  over  a  beautiful  collection  of  these  clay  marl  fossils  to  the  British  Museum,  which 
the  keeper  of  the  Museum  chose  to  lose,  much  to  my  regret  and  vexation.  I  helieve  that  there  is 
no  hope  of  their  ever  heing  discovered;  as  the  vaults  have  been  searched  without  success.** 

In  a  later  letter  (dated  16th  July  1864),  acknowledging  a  copy  of  my  memoir^  Sir  Prohy 
Cautley  again  writes  as  follows : — **  The  clay  conglomeraU  strata  lie  low  down  in  the  series,  and 
are  met  with  at  the  mouth  of  the  passes — Eilawila,  Timli,  &c. ;  they  lie  under  the  houlder  sand- 
stones, and  are  in  a  position  far  helow  that  of  the  strata  in  which  the  large  fossils  were  found. 
The  eltuf  conglomerate  was  worked  upon  hy  me,  long  hefore  the  larger  fossils  were  discovered. 
Blasses  of  this  rock  were  carted  hy  my  orders  down  to  Manakpur,  where  I  resided  at  that  time.  The 
rock  was  then  deliberately  broken  up  and  examined ;  the  fossils  found  were  merely  saurian  teeth 
(detached),  and  teeth  of  horse,  both  molar  and  incisor,  teeth  of  ruminants,  rodents,  bits  of  bone, 
all  of  them  small  sized  fossils  strongly  impregnated  with  iron,  and  quite  black.  The  difference 
between  these  fossils  and  those  of  the  larger  sandstone  ones  is  most  remarkable ;  they  never  could 
be  mistaken  for  each  other.  I  had  a  most  interesting  and  extensive  collection  of  these  clay 
conglomerate  or  hydrate  of  iron  fossils,  which  with  the  rest  of  my  museum  I  sent  to  the  British 
Museum.  I  regret  to  say  the  collection  was  tost,  mislaid,  or  thrown  aside,  as  I  was,  on  my  return  to 
England,  never  able  to  find  it.  I  have  always  considered  the  loss  of  this  part  of  my  collection  as 
most  deplorable^  as  it  contained  teeth  undescribed,  with  molars  and  incisors  of  the  smaller  animals 
that  were  most  exceedingly  interesting.  I  have  now  by  me  only  one  specimen  of  this  clay  con- 
glomerate with  a  saurian  tooth  in  it. 

*'  iTow,  this  clay  conglomerate  (with  which  I  was  so  well  acquainted  in  the  Kalaw^  and 
other  passes)  with  hydrate  of  iron  saurian  teeth,  was  discovered  by  Durand,  when  Baker  and  I 
were  with  him,  on  the  Himalayan  tide  of  Ndhan,  The  fossils  that  Falconer  describes  as  found 
by  bim,  and  of  which  he  got  so  large  a  share,  were  below  Nihan,  on  the  tide  towards  the  plains. 
Falconer's  fossils,  moreover,  were  the  great  sandstone  fossils,  and  from  strata  of  an  entirely  different 
character.  Pray,  keep  your  eye  on  this.  I  don't  attempt  here  to  explain  how  this  clay  conglome- 
rate rock  got  on  the  Himalayan  side  of  N^an,  but  I  taw  in  eitn  and  got  fossils  out  of  it;  of  this 
there  is  no  doubt  whatever." — H.  B.  M. 
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would  be  sufficient  to  suggest  their  being  ranked  with  the  latter  rather  than  the 
former.  This  would  be  so,  were  the  eyidence  of  mineral  character  less  balanced 
than  it  is ;  so  perversely  counter  to  all  our  experience  of  the  '  Siwaliks '  else- 
where, does  this  unhappy  '  N&han '  section  run,  as  hitherto  interpreted  by  its 
discoverer.  In  support  of  this  view  I  shall  quote  Mr.  Medlicott  himself, 
page  536,  Manual,  Geology  of  India :  "  The  Ndhan,  or  lower  Siwalik  rocks,  form* 
ing  the  inner  Sub-Himalayan  zone  at  N&han,  consist  mainly  of  massive  grey 
sandstone  often  spoken  of  as  the  lignite  sandstone  from  its  containing  small 
nests  and  strings  of  fossil  wood,  which  from  early  times  till  now  have  given  rise  to 
many  sanguine  reports  of  the  discovery  of  coal.  In  deeper  sections  red  or  purple 
days  occur,  associated  with  thin/ner^  harder,  darker,  sandstones  very  like  the  rock  of  the 
Dagshai  group  J^  This  is  a  description  of  the  '  N&hans  '  at  N&han,  be  it  observed. 
It  is  followed  by  a  description  of  the  upper  and  middle  '  Siwaliks '  of  the 
*  Siwalik  hills  proper,*  but  a  very  significatd  omission  may  be  noted  of  any  descrip- 
tion of  what  lower  '  Siwaliks '  are  like  elsewhere.  Of  course  the  result  is,  the 
reader  imbibes  an  impression  of  lower  '  Siwaliks '  from  a  very  doubtful  presenta- 
tion of  them  about  N^han,  and  I  am  bound  to  say  that  the  most  analogous  beds 
to  those  described  above  as  revealed  in  "  deeper  section"  must  he  sought  for, 
tut  in  a*  Siwalik, '  bid  in  a  Simvur  area, 

16.  That  is  my  opinion,  and  the  idea  is  anticipated,  if  not  disposed  of,  by  Mr. 
Medlicott  where  he  says  (Manual,  p.  540)  :  "  It  might  thus  be  suggested  that 
the  plant-bearing  sandstones  of  Kasauli  belong  to  the  same  horizon  as  the 
lower  Siwalik  clays,  or  the  lignite  sandstone.  Those  who  have  examined  the 
rocks  are  least  disposed  to  adopt  this  supposition."  I  object  to  this  antithesis 
between  "plant-bearing  sandstones"  and  "clays"  as  misleading.  There  is  a 
great  similarity,  as  Mr.  Medlicott  admits,  between  lower  Siwalik  strata  and  both 
Elasauli  and  Dagshai  beds,  and  as  for  the  prominence  giving  to  the  "plant- 
bearing  "  character  of  the  Kasauli  beds,  these  remains  are,  I  believe,  found  at  three 
spots  only,  and  known  to  Mr.  Medlicott  alone,  a  vastly  different  thing  from  charac- 
terising the  group,  as  might  be  easily  inferred  from  Mr.  Medlicott's  words.  ^ 

17.  The  alteration  in  Mr.  Medlicott's  map  which  my  view  would  require,  would 
be  to  expunge  both  the  word  '  N&hans '  and  the  colour  used  to  indicate  that 
groups  and  to  colour  the  bulk  of  the  N^ans  east  of  Bdd  (near  N^han)  and  the 
outer  portion  of  the  N&hans  west  of  that  place  as  Siwaliks,  and  to  colour  the  i^st 
of  the  '  N&hans '  as  '  Sirmurs.'*  Also  to  expunge  the  narrow  strip  of  '  N&hans ' 
shown  as  running  down  from  Bikhikhes,  east  of  Ganges,  altogether,  my  reason 
for  which  I  shall  explain  hereafter. 

So  much  by  way  of  preface. 

^  In  theM  two  puagniphs  Mr.  Theobald  makes  use  of  the  facts  I  mentioDed  in  fayour  of  the 
riew  he  now  tekee  ap^  but  omits  any  notice  of  the  chief  points  of  the  eyidenoe,  which  he  condemns 
as  wholly  yalneless,  for  the  view  I  adopted :  to  wit,  the  facts,  that  the  main  Himaluyan  boundary 
■eparates  the  Sirmur  and  N4han  areas ;  and  the  abrupt  cessation  of  any  trace  of  the  nummnlitic 
itnU  to  the  south  of  it  (see  'Manual,'  pp.  689,  640).^H.  B.  M. 

*  i.  e.f  Mr.  Theobald  would  take  no  notice  of  the  two  main  stratigraphical  features  of  the 
grooiid ;  for  the  boundaries  he  would  expunge  in  fayouf  of  his  purely  conjectural  line  are  on 
those  features,  which  must  be  either  great  faults  or  great  unconformities. — H.  B.  M. 
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The  term  '  Siwalik  '  restricted  and  defined. 

18.  The  term  Siwalik,  as  I  would  propose  restricting  it,  is  essentially  syno- 
nymous with  pliocene,  that  is,  the  pliocene  gronp  in  India.  ^  In  Sind  (t7ie?e  Manual, 
p.  4^:^*),  the  Siwalik  group  rests  unconfonnably  on  the  Gij  group,  which  is  wholly 
marine  and  of  well  ascertained  miocene  age,  but  in  the  Punjab  and  along  the 
Himalayan  region,  beds  of  miocene  age  have  not  been  detected,  that  is,  recognised, 
and  the  Siwalik  group  of  fresh- water  origin  rests  directly  on  eocene  strata,  to 
which  they  exhibit,  as  a  rule,  a  mechanical  or  stratigraphical  conformity,  though 
their  geological  relation  is  one  of  unconformity,  as  eyinced  by  the  entire  absence 
of  beds  of  miocene  age,  above  the  eocene,  and  in  places,  as  at  Nahan,  clear  proofs 
of  a  physical  arrest  of  deposition  or  break  above  the  eocene,  though  elsewhere 
from  the  parallelism  of  the  beds  the  unconformity  here  asserted  is  obscure,  and  is, 
I  believe,  not  thoroughly  accepted  by  Mr.  Wynne  in  the  Punjab.  The  passage 
I  now  quote  from  the  Manual  very  clearly,  however,  states  the  circumstances  of 
the  case  in  the  Salt  Range  (p.  506)  :  "  The  Gij  and  Nari  beds  of  Sind  appear 
to  be  unrepresented  ;  there  is  evidently  a  break  above  the  nummulitic  limestone, 
and  the  overlying  formation  is  unconformable,  and  rests  in  places  upon  a  denuded 
surface  of  nummulitic  rocks.  The  unconformity  is  also  shown  by  overlap  in 
several  places  at  the  eastern  extremity  of  the  Salt  Range,  and,  as  already  noticed, 
in  the  ranges  near  Shekh  Bud  in,  and  by  the  circumstance  that  the  lowest  beds 
of  the  upper  tertiary  sandstone  contains  pebble  of  nummulitic  limestone,  as 
for  instance,  near  Fadial,  west  of  Mount  Tilla."* 

19.  One  spot  in  particular  where  Mr.  Medlicott  discovered  marked  traces  of 
an  unconformable  junction  between  the  nummulitic  limestone  and  the  overlying 
Siwalik  sandstones,  was  in  the  stream  which  cuts  through  the  Dil  Jubar  range, 
nearly  midway  between  Rotds  and  Kalar  Kahdr  on  the  Salt  Range. 

20.  East  of  the  Jhelum,  as  a  general  rule,  the  basal  members  of  the  Siwalik 
group  are  not  exposed,  the  relation  of  that  group  to  the  older  rocks  being  one  of 
faulted  contact,  and  if  (as  is  possible)  in  deep  section  older  beds  than  Siwalik,  i.  c, 
miocene  come  in,  there  is  from  the  conformity  of  the  beds  and  the  entire  absence 
of  fossils,  no  means  to  determine  whether  the  lowest  beds  exposed  really  belong  to 
an  older  group  or  not.  West  of  the  Jhelum,  a  precisely  opposite  difficulty  occurs, 
and  it  may  there  be  seriously  questioned,  if  the  lowest  Siwaliks  in  contact  with  the 
nummulitic  rocks  are  really  geologically  older  than  the  middle  Siwalik  horizon 
of  the  country  east  of  the  Ganges. 

21.  Considerable  difficulty  is,  therefore,  experienced  in  dividing  the  enormona 
series  of  beds  comprised  in  the  Siwalik  group,  and  any  division  of  them  must  be 
rather  a  conventional  one  for  convenience  sake,  than  one  naturally  indicated  by 

^  I  cannot  undertake  to  correct  Mr.  Theobald  where  be  is  only  Btating  his  own  Tiews  and  not 
misreprcflenting  those  of  others;  but  I  warn  unwary  readers  against  byer-eonfidehce.  Those 
two  opening  sentences  are  a  sufficient  caution :  the  extraordinary  liberty  taken  with  the  word 
'  pliocene';  for  the  statement  that  anything  that  can  be  called  '  pliocene'  is  in  iminediate  sequence 
with  the  eocene  along  the  Himalayan  region  is  a  wild  assumption — I  would  rather  say,  de- 
monstrably false. — H.  B.  M. 

•  Compare  too  Wynne,  Mem.  Geol:  Surv.,  Vol.  XVII— 2,  p.  9 J,  on  absence  of  lower  Siwalik 
in  the  Bhattani  hills  and  elsewhere. 
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any  salient  features  inherent  therein.  Not,  therefore,  to  unduly  multiply  divisions 
of  an  arbitrary  character,  it  will,  I  think,  suffice  to  divide  the  Siwalik  group  into 
two  equal  divisions,  an  upper  and  a  lower,  characterising  the  first  as  the  Kharian 
beds  fax)m  the  Khiridn  range  opposite  Jhelum,  which  is  entirely  composed  of 

them,  and   reserving  the  term  'Murree'  for   the  lower, 

MuCT^°  r  low^^SiwaUki      ^°™  *^®  sanatarium  of  that  name  around  which  they  are 

largely  developed.  For  reasons  already  given,  I  consider 
it  desirable  to  drop  the  term  *  Ndhan '  altogether,  as  tending  to  confusion,  so  long 
as  we  are  uncertain  of  the  precise  age  and  relationship  of  the  beds  on  which 
the  name  was  originally  bestowed  in  the  immediate  vicinity  of  Nahan  town. 

22.  The  term   *  Murree,'   however,  as  now   used  by  me  as  equivalent  for 
'  lower  Siwalik  *  is  much  more  restricted  than  it  is  in  the  Manual,  whore  it  is 
far  more  comprehensive  and  indeed  little  more  than  a  name  for  a  melange   of 
tertiary  beds   of  all  ages.     Thus  at  page  511   these  beds  are  thus  described: 
"  The  station  itself  is  built  on  grey  and  purple  sandstone  and  deep  purplish  clays 
with  occasional  concretionary  bands.     These  are  the  Murree  beds  of  Mr.  Wynne, 
and  wLUst  their  lower  strata  may  correspond  to  the  Dagshai  sub-division  of  the 
Sirmur  or  eocene  series  in  the  Simla  hills,  it  is  probable  that  they  represent 
higher  groups  also,  and  they  may  even  comprise  strata  corresponding  to  all  the 
Sub-Himalayan  beds  of  the  Dagshai,  Kasauli,  and  Ndhan  groups,  between  the 
Subatbu  and  Siwaliks  proper."     Here  at  Murree  it  may  be  perfectly  true  that  no 
fixed  lines  can  be  pointed  to,  as  dividing  the  Murree  beds  from  eocene,  but  this 
obscurity  cannot  be  allowed  in  our  definition  of  what  *  Murree '  beds  are,  quoad 
the  geological  horizon  embraced  hy  the  term  ;  and  I  therefore  define  the  *  Murree  ' 
division  as  comprising  all  beds  younger  than  the  *  Gaj  '  or  miocene  of  Sind,  and 
from  that  horizon  the  whole  of  the  lower  half  of  the  Siwalik  group.  ^    Of  course 
where  the  *  Murree '  beds  rest  directly  on  eocene  beds,  these  (in  the  absence  of 
G&j  beds)  constitute  the  lower  limit  of  the  group,  and  in  this  sense  the  term 
'Murree'  may  be  regarded  as- representing  and  replacing  that  of  *Ndhan^  as 
hitherto  used.     Towards  Nipdl,  where  the  sections  of  the   Siwalik  group   are 
very  deep,  it  may  be  questioned  if  lower  beds  than  those  properly  included  in 
the  term  *  Murree '  do  not  come  in,  but  this  is  a  difficulty  which  would  apply 
whatever  name  we  gave  the  division,  and   I  prefer   retaining   an   accepted   and 
familiar  name,  to  devising  a  wholly  new  one  ;  but  as  the  upper  Siwaliks  have  not 
been  specially  named,  there  is  no  impropriety  in  now  bestowing  on  them  the  one 
proposed,  t.  e.,  '  Khdri4n.' 

Geological  limits  or  the  Siwalik  Geouf. 

23.  A  brief  glance  at  the  area  over  which  the  Siwalik  strata  are  either  known 
or  conjectured  to  extend  will  not  be  here  out  of  place,  and  will  help  to  correct 

^  The  lithologxcal  samenetB  of  the  Murree  and  the  DacrBhai  beds  and  their  similar  relation 
to  the  nnderljing  nammnlitics  makes  it  almost  obligatory  to  place  them  provisionally  on  the  same 
horizon^  although  the  free  association  of  similar  beds  within  the  nummulitic  series  west  of  Murree 
suggests  the  possibly  higher  position  of  the  beds  at  Murree.  Mr.  Theobald's  exclusion  of  any 
repreaeDtatiyes  of  the  Gaj  and  Nari  beds  in  those  sections  is  purely  arbitrary,  apparently  only  on 
the  grounds  of  the  one  being  fresh  water  and  the  other  marine. ^H.  B.  M. 
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any  nnderestiinate  of  their  imporfcance,  arising  trom  their  being  regarded  as  mere 
Sub-Himalajan  deposits,  though  from  the  nature  of  the  adjoining  countries 
which  are  ahnost  closed  to  Enropean  investigation,  the  precise  bonndaries  of  the 
group  outside  of  the  political  boundaries  of  British  India  are  unknown  to  us. 

24.  Commencing  on  the  north,  the  Siwalik  group  has  been  traced  along  the 
flanks  of  the  Himalajan  mountains  and  its  accessory  ranges,  from  the  frontier  of 
KohiLt  to  the  valley  of  the  Brdhmaputra,  and  thence  under  the  Khisi  hills  through 
Munipur  and  Arakan  into  British  Burma  as  far  south  as  17^  north  latitude.  In 
Nip^,  Manipur,  and  Arakan,  there  are  great  unexplored  breaks,  but  slender  as 
is  our  knowledge  of  these  countries,  we  have  still  sufficient  warrant  for  the  above 
generalisation.  The  curved  line  indicated  above  from  Koh&t  to  near  Ran- 
groon  in  latitude  17°  is  dose  on  2,000  miles  in  length,  and  lies  wholly  outside 
of  the  '  peninsular  area '  of  India  as  defined  in  the  Geological  Manual  (Intro- 
duction ii). 

25.  From  Kohit  the  Siwalik  group  extends  in  a  southerly  direction  along  the 
eastern  flanks  of  the  Afghinistdn  and  Biluchist&n  ranges  to  the  vicinity  of 
Karachi,  a  distance  of  700  miles,  while  from  Kar&chi  to  Perim  island  in  the 
gulf  of  Kambay,  which  is  the  most  eastern  point  reached  by  the  group  on 
that  side  of  the  Peninsular,  is  400  miles. 

26.  How  far  the  Siwalik  strata  extended  formerly  over  the  area  intervening 
between  Perim  and  Afghanistan  is  uncertain,  but  their  large  development  in 
Sind  renders  it  not  improbable  that  they  once  stretched  over  a  large  portion  of 
Bdjputdna  and  the  southern  Punjab,  where  the  Indus  alluvium  and  desert  sand 
now  preclude  all  examination  of  the  rocks  beneath. 

27.  This  western  belt  of  Siwalik  strata  lies  also  wholly  outside  of  the  Penin- 
sular area,  save  a  small  portion  which,  creeping  up  to  the  eastward  across  the 
mouth  of  the  Indus  and  at  Perim,  may  be  said  to  inosculate  with  India  proper  or 
the  '  Peninsular  area.' 

28.  Some  tertiary  beds  which  occupy  the  valleys  of  the  larger  rivers,  such  as 
the  clays  and  gravels  of  the  Narbada  and  Tapti,  might  perhaps  be  regarded  as  a 
farther  encroachment  of  Siwalik  deposits  within  the  territorial  limiia  of  the 
'  Peninsular  area,'  but  though  undoubtedly  these  beds  contain  some  Siwalik 
animals,  yet  these  are  also  associated  with  human  relics  and  as  much  deserve 
separation,  as  newer  than  the  *  Siwaliks '  proper,  as  do  the  *  Qtkj  '  beds,  which, 
though  older  than  the  *  Siwaliks,'  yet  contain  some  Siwalik  mammals.  It  will 
thus  be  seen,  that  whilst  the  '  Peninsular  area '  is  essentially  unencroached  on  by 
Siwalik  deposits  with  the  partial  exception  of  a  limited  contact  area  in  Cutch 
and  Guzerat,  and  excluding  as  above  the  post-pliocene  deposits  of  the  large  river 
valleys,  it  is  continuously  surrounded  to  the  north  by  an  enormous  belt  of  these 
beds  from  17^  north  latitude  in  Pegu  on  the  east  to  the  21^  north  latitude  on 
the  west ;  the  entire  circuit  embracing  some  3,000  miles. 

29.  Nothing  like  a  precise  estimate  of  the  area  occupied  by  Siwalik  strata  is  at 

present  practicable,  but  a  low  approximate  estimate  would 

^  be  70,000  square  miles.     If,   however,   any  considerable 

extension  of  these  beds  below  the  alluvium  be  allowed  for,  the  estimate  would 
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have  to  be  placed  as  high  as  300,000  square  miles  or  thereabouia  within,  of  course, 
the  political  limits  of  British  India. 

30.  In  not  inappropriate  correspondence  with  the  area  covered  bj  the  Siwalik 
^np  is  the  enormous  aggregate  thickness  of  its  beds,  and  it  is  undoubtedly 
difficult  adequately  to  convey  by  mere  words  to  any  one  personally  unfamiliar 
with  the  group,  an  idea  of  the  seemingly  interminable  succession  of  beds  which 
a  good  section  reveals.  Two  doubts  are  in  fact  pretty  sure  to  suggest  themselves 
with  regard  to  the  seeming  display  of  thickness  where,  as  in  many  sections,  the 
strata  are  seen  tilted  at  high  angles  for  miles. 

31.  The  first  doubt  is,  if  this  seeming  display  of  thickness,  instead  of  being 
real,  is  not  produced  by  a  repetition  of  the  same  beds  brought  in  again  and  again  by 
either  faults,  folding  or  inversion.     Now,  either  of  these  suppositions  is  in  itself 
a  perfectly  legitimate  one,  and  a  vera  causa,  instances  of  which  may  be  seen 
throughout  the  whole  Himalayan  region,  where  through-&ults  traverse  the  hills 
for  mUes ;  and  in  the  older  rocks  of  the  Himalayan  chain,  the  more  they  are 
known  to  us,  the  more  it  is  evident  that  foldings  and  inversions  on  a  prodigious 
scale  form  an  integral  phenomenon  in  iUxe  structure  of  the  hills.  West  of  the  Ladus 
a  most  complicated  system  of  faulting  and  inversion  has  implicated  the  newest 
tertiaries  abo.      It  may,   therefore,   be  taken    as  an     axiom    in    Himalayan 
geology,*  that  no  a  priori  improbability  attaches  to  any  presumed  forulting  or 
inversion,  solely  on  account  of  the  magnitude  of  its  effect:  in  that^ respect 
we  may  safely  permit  our  ideas  a  scope  proportionate  to  the  magnitude  of 
the  physical  developments  of  the  region ;  but  when  we  come  to  apply  such 
hypothesis  in  reduction  of  the   seeming  thickness  of  a  section,   the  result  is 
not  satisfactory.     The  entire  thickness  of  the  tertiary  group  may,   in  round 
numbers,  be  taken  as  30,000  feet.     This  is   Mr.  Blanford*s   estimate  in  Sind ; 
and  the  thickness  of   the  group  in  the  Himalayan  region    can    hardly    be 
set  down    as  less:   and  as  the  newest  beds    are  equally  involved  with  the 
older,  in  the  disturbances  which  accompanied  or  resulted  from  the  final  elevatory 
movements  of  the  ELimalayan  chain,  the  whole  of  this  vast  series  must  be  con- 
sidered, if  we  come  to  apply  the  idea  of  either  faulting,  folding  or  inversion, 
to  reduce  the  apparent  thickness  of  any  particular  section.     Now,  although  a 
very  general  parallelism  obtains  throughout  the  entire  series  with  only  one  con- 
siderable unconformity  at  the  top  of  the  eocene  (in  the  Himalayan  region),  and 
though  the  change  in  mineral  character  between  the  lowest  beds  and  the  highest 
is  brought  about  in  a  very  gradual  way,  yet,  were  any  member  of  the  lower  beds 
intercalated  by  folding  or  other  causes  among  and  between  younger  beds  in  a 
section,  I  do  not  think  the  fact  could  escape  detection  and  recognition.    A  loop 
of  nummulitic  limestone  for  example,  with  its  *  arch'  truncated  by  denudation, 
might  appear  intercalated  among  a  series  of  beds,  all  of  which,  both  above  it  and 
below  it  (seemingly),  were  of  younger  age ;  but  from' our  general  knowledge  of  the 
beds  of  the  eocene  group,  we  could  hardly  be  misled  into  confounding  with  them 
any  beds  of  a  lower  or  middle  Siwalik  horizon,  and  the  same  unlikelihood  of  being 
misled  in  a  similar  manner  with  reference  to  any  portions  of  the  tertiary  group 
holds  good  &om  the  well  understood  and  easily  recognised  facies,  lithologically, 
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which  the  entire  group  successively  presents  at  different  horizons.     The  idea, 
therefore,  of  the  seeming  thickness  being  dne  to  faulted  or  folded  repetition  of 
the  same  beds  may,  I  think,  be  dismissed  as  untenable.     The  best  sections  are 
80  clear  that  faults  are  not  likely  to  be  overlooked :  and  the  main  question  only 
is,  the  possible  presence  of  a  concealed  (that  is,  truncated)  arch  or  fold.     This,  as 
I  have  said  above,  is  unlikely  to  escape  detection,  presuming  that  the  entire  series 
of  beds  have  been  involved ;  but  still  another  question  remains,  is  it  possible  for 
a  limited  thickness  of  beds  to  be  folded  and  re-folded  in  themselves,  without  the 
beds,  either  above  or  below,  participating  in  the  disturbance  ?  That  such  a  case 
may  occur  on  a  small  scale,  I  think  possible,  in  view  of  the  enormous  and  compli- 
cated disturbance  to  which  the  mountain  mass  has  been  subjected ;  but  such  a 
result  could  not  take  place  on  the  scale  of  the  sections  displayed  by  the  tertiary 
group,  and  nowhere  could  the  result  be  brought  about  without  obvious  signs  of 
the  abnormal  and  disturbed  arrangement  of  the  rocks  so  involved.     The  idea  is, 
therefore,  merely  alluded  to,  to  be  rejected. 

32.  Another  doubt  that  has  been  raised  is,  as  to  how  far  the  seeming  succession 
of  beds  may  not  be  in  a  manner  illusory,  aa  a  measure  of  thickness  and  rather  refer- 
ible  to  an  arrangement  of  beds  on  a  large  scale,  analogous  to  the  mode  of  deposition 
wherein  *  false  bedding'  originates.     This  view  has  been  propounded  with  respect 
to  beds  in  the  Potwdr,^  and  were  it  a  true  supposition,  it  would  necessitate  at  no 
great  depth  from  the  surface,  9k  floor  of  deposition,  of  some  sort.     Now,  the  area 
of  the  Potwar,  where  this  view  has  been  specially  applied,  is  traversed  by  numer- 
ous *  faults'   having  a  very  large  *  throw.'     For  example,  south  of  Jand,  near 
Jabi,  the  very  highest  conglomerates  at  the  top  of  the  Sivalik  group  are  faulted 
against  red  and  grey  beds  well  down  in  the  Murree  division,  and  the  'throw' 
required  to  bring  about  this  contact  cannot  be  estimated  at  less  than  a  mile,  and 
may  be  more ;  yet  none  of  these  faults,  which  are  tolerably  numerous  throughout 
the  entire  sub- Himalayan  region,  ever  bring  up  or  reveal  any  *  floor  of  deposi- 
tion,' whereon  a  comparatively  thin   series  of  obliquely-packed  beds  could  have 
been  laid  down.    The  entire  belt  in  fact  of  Siwalik  rocks,  skirting  the  Himalayan 
region,  is  composed,  structurally,  of  vertical  slices  of  the  Siwalik  group  ranged  one 
against  another  and  separated  by  faults,  so  that  the  best  sections  we  can  any- 
where find  are  simply  sections  of  a  portion  of  the  group,  commencing  at  one 
fault  and  terminating  at  another, — the  downthrow  of  these  faults  bringing  the 
younger  beds  to  the  south  in  contact  with  the  oldest  beds  to  the  north ;  yet 
is  no  floor  of  deposition,  which  could  countenance  the  idea  of  a  trivial  thickness 
of  these  deposits,  anywhere  revealed.     On  the  assumption,  then,  that  the  sections 
displayed  by  the  Siwalik  group  represent  actual  thickness,  we  cannot  place  the 
total  amount  for  the  whole  at  less  than  16,000  feet,  and  it  may  be  not  improbably 
more. 

33.  A  few  words  will  not  be  here  out  of  place  touching  the  *  Gdj'  group  of 

#Q*  ^  Sind,  as  it  bears  a  certain  relationship  to  the  Siwalik  from 

*  containing  the  earliest  Siwalik  mammal  on  record.    That  it 

is,  however,  properly  excluded  from  the  Siwalik  designation  is,  I  think,  clear  not 

The  nndalating  country  north  of  the  Salt  Range. 
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only  from  its  marine  origin  and  its  total  absence  (so  far  as  known)  within  the 
Himalajan  regios,  bnt  from  its  established  miocene  ago.  This  needs  no  recapitu- 
lation here,  but  the  facts  may  be  gathered  from  Mr.  Blanford's  lucid  description  of 
the  group  in  the  Manual  of  Geology,  Part  II,  page  463.  The  fact  of  the  Gdj  beds 
being  of  marine  origin,  may*  probably  account  for  the  paucity  of  vertebrate  re- 
mains hitherto  detected  in  them,  as  we  cannot  imagine  an  animal  like  Rhino- 
eeroi  sivalensis,  F.  et  C,  alone  occupying  the  miocene  champaign,  though  the 
Gaj  vertebrate  fauna  probably  merely  foreshadowed  in  its  plenitude  that  mar- 
vellously varied  and  abundant  fauna,  of  the  Siwalik  period,  then  ouly  in 
course  of  evolutional  development  and  waiting  for  the  ^ons  to  deliver  it  from  the 
womb  of  Time.  As  so  much  has  already  been  published  on  the  Siwalik  group  by 
Messrs.  Medlicott,  Blanf  ord,  and  Wynne,  I  shall  not  enter  into  any  detailed  descrip- 
tion of  its  beds,  but  rest  content  with  giving  a  general  conspectus  of  the  group,  to 
fecilitate  the  correlation  of  beds  of  sinoilar  age  at  distant  localities  (Sind  and 
Burma)  and  a  few  sections  which  will  help  to  convey  a  clearer  idea  than  any 
generalised  description  of  their  relation  and  succession  to  each  other. 

34.  The  section  I  now  give  near  Lambi-dand  is  one  of  the  best  I  know  of  the 
jnnction  of  the  Siwaliks  with  the  Nummulitic  group  in  the  western  Punjab. 
It  exhibits  complete  stratigraphical  conformity  throughout ;  but  the  important 
*  Nari  *  group  is  wholly  absent.  Whether  the  beds,  at  the  base  of  the  Siwalik 
group,  may  be  held  to  represent  the  '  Gdj  '  horizon,  must  rest  on  the  amount  of 
probability  on  extraneous  grounds,  for  that  coirelation,  as  fossil  evidence  there  is 
none.  My  own  opinion  is,  the  balance  of  probabilities  leans  to  the  reasonableness 
of  regarding  lower  *  Murrees '  (D)  as  the  Himalayan  equivalents  of  the  Qij 
group  of  Sind  and  correlating  the  same  to  the  Dagshai  and  Kasauli  beds  of  the 
Himalayan  region. 

Section  near  Lamhi^dand^  displaying  the  transitional  passage  of  the  marine  nunvmu- 

libies  into  the  Siwaliks  of  the  *  Potwar '  (^Murrees  D). 

Kammiilitie  limettone  of  the  Chita  Pahir  range,  massive,  and  precisely 
Kommnlitie  group.  similar  to  that   which  immediately  supports  the 

^"'*^^-  '  Siwaliks*  along  the  Salt  Range=irAirMar  (lower). 

(Descending). 

Boundary  fault.  Ft.     In. 

Pale^    reddish    and    hrownish-gray  sandstones,  with  some    reddish 

shales  and  occasional  courses  of   more 
Lower  31  srrMs  (D).  «  . 

massive  sandstone    ...  ...  ...    2,600    0 

Massive  sandstone     ...            ...            ...            ...            ...            ...  85  0 

Alternations  of  sandstones  and  clays,  with  massive  heds  towards  hase  850  0 

Massive  sandstones,  with  some  clay  conglomerate  towards  hase         ...  ISO  0 
Bed  clays,  with  sandstone  courses,  and  seamed  with  calcite  towards 

Dase        •••            ••.                                                          •.•             .••  4oo  %3 

Similar  heds,  hut  the  sandstones  harder  and  harsher  and  shales  redder  875  0 

Massive  gray  sandstone           ...            ...            ...            ...  40  0 

Massive  sandstones,  with  suhordinate  heds  of  very  red  shale            ...  500  0 

onales         «..             •••             *••            ...             ...             •••             •••  90  0 

5,006    0 
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(Desoending). 

Massive  sandstones  with  days   and  some  calcite  nammulitei  and 

bones  (indeterminable) 
Pale  nnmmnlitic  shales  ... 

Nanunnlitic  limestone  (flaky)  ... 
Red^h  nnmmnlitic  shales       ...  ..  ...  ••# 

Harsh  pale  gray  nnmmnlitic  limestone,  with  a  little  shale 

ueci  snaie  .■•  •••  •••  •••  •••  ••  ... 

Harsh  reddish  sandstones,  with  some  shale 

Massive  sandstone,  conglomeratic  at  top 

Mottled  reddish  and  yellowish  harsh  sandstones,  and  reddish  days, 

in  places  nnmmnlitic 
Massive  reddish  sandstone 
Reddish  shales  and  sandstones 
Pale  yellow  nnmmnlitic  bed  (about) 

(Close  to  89th  mile-stone). 
Red  nnmmnlitic  bed 

XaOQ  BU&ltV  •••  ««•  !••  •••  •■•  ••!  «■« 

Massive  sandstone,  with  seams  of  day  conglomerate 

XV6CI  8IUU6B  •..  ...  .••  ...  ...  ...  ... 

Sandstone  and  conglomerate  ... 

JfceO  BUKA6     ...  ...  •>•  •••  •••  ...  ... 

Yellow  shales,  nnmmnlitic 

Clay  conglomerate,  nnmmnlitic 

Red  shales  and  sandstone 

Massive  nnmmnlitic  sandstone  and  conglomerate... 

Red  shales,  with  a  little  sandstone 

Massive  sandstone    ...  ...  ...  ...  ...  ... 

A«eQ  Clays   ...  ...  ••*  •«•  •••  ...  ... 

Yellowish  days  and  nnmmnlitic  shaly  limestones 

JKed  clay     ••.  <••  m.  •••  •••  ••.  «.« 

Yellowish  sandstone  •••  ••«  ...  ...  •••  .,, 

x»6Q  ciay     ...  •••  ...  ■..  ...  ■••  .•« 

Yellow  clay,  with  hard  bands  at  top  and  base,  nnmmnlitic  below     ... 
J^en  ciayv   •■■  ...  ...  ...  ...  ...  ... 

Ydlow  nnmmnlitic  days  (with  thin  strings  of  limestone),  almost  com< 

posed  of  closdy -packed  Foraminifera 
Ydlow,  with  more  massive  limestone  beds 
Red  clays  with  nnmmnlitic  limestone  courses 


Ft.    In. 


*•* 


40 

0 

270 

0 

40 

0 

600 

0 

180 

0 

26 

0 

160 

0 

24 

0 

840 

0 

60 

0 

270 

0 

86 

0 

4 

0 

80 

0 

86 

0 

86 

0 

10 

0 

20 

0 

170 

0 

16 

0 

40 

0 

86 
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35.  This  is  a  most  interestiiig  and  importaQt  section  in  many  respects.  It  is  a 
characteristic  jnnction  section  of  the  Siwalik  and  nummulitic  groups  in  the 
western  Pnnjab.  It  proves  the  enormous  development  of  the  '  EHrthar '  group 
in  this  region,  and  the  total  absence  of  any  representatives  of  the  '  Nari '  beds. 
I  had  myself  anticipated  that  these  *  Nari '  beds  would  be  represented  in  it ;  but 
having  submitted  the  fossils  collected  by  myself  on  the  spot  to  my  esteemed 
colleague  Mr.  Fedden,  whose  familiarily  with  the  Sind  tertiaries  should  render 
his  opinion  final,   I  relinquish  the  idea.     My  colleague  thus  writes  of  the  fossils 
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he  was  good  enongli  to  examine  for  me : — ''  I  have  jnst  examined  the  specimens. 
They  have  all  a  strong  *  Khirthar  *  (or  lower  Nnmmnlitic)  facies.  There  is  no 
indication  among  them  of  either  *  G&j  '  or  *'  Nari  ' ;  and  I  should  conclude  that 
these  two  groups  were  absent  in  the  section." 

The  fossils  identified  by  Mr.  Fedden  were— 

Nttmmulites  obtusu, 

N,  hiaritzensis, 

JV.  heaumonti, 

JV.  granulosay 

N.  leymeriei, 

N.  obesaf 

JV.  exponens, 

N»  perforata  ? 

and  among  echinoderms — Hernias ter  digonus, 

H.  sp. 

And  a  Pseudodiadema  not  figured  in  D'Archiac's  work. 

36.  The  section  is  an  estimated  one,  checked  on  the  ground  by  measurements  so 
far  as  the  disturbance  of  the  beds  would  allow.  It  embraces  5,000  feet  or  there- 
about of  lower  Siwalik  beds  C  Murrees '),  resting  on  nearly  4,000  feet  of  '  Khir- 
thar '  beds.  The  strong  limestone  at  the  base  of  the  '  Khirthar '  group  is  not 
reached ;  but  it  is  displayed  to  the  north,  where  the  section  ends,  being  brought 
up  by  a  fault  cutting  off  the  '  Murrees '  in  that  quarter.  The  *  Khirthar '  group 
can  here,  therefore,  be  not  much  under  4,500  feet,  accepting  Mr.  Wynne's  estimate 
for  the  mean  thickness  of  the  '  Khirthar  *  limestone  in  the  Salt  Range  at  500  feet 
{Memoirs^  Oeological  Survey^  Vol.  XIV,  p.  869). 

The  thickness  of  the  '  Khirthar '  group  has  not  been  fixed  with  precision ; 
but  as  a  possible  thickness  of  9,000  feet  for  the  whole,  and  as  much  as  3,000 
for  its  upper  division,  is  indicated  by  Mr.  Blanford,  the  thickness  of  4,500  or 
thereabouts  is  by  no  means  greater  than  may  probably  be  the  case  (Manual, 
p.  447). 

37.  This  great  development  of  beds  is,  I  know,  suggestive  with  some  of  '  fold- 
ing *  or  faulted  repetition ;  but  I  do  not  see  how  either  of  these  causes  can  be  held 
to  have  operated  here.  The  section  terminates  above  in  faulted  contact  with  the 
strong  *  Khirthar  *  limestone,  some  500  feet  thick,  more  or  less  ;  whilst  below,  it  dis- 
plays some  4,000  feet  of  upper  *  Khirthar '  beds  without  reaching  the  strong  lime- 
stone, whose  presence  here  is  proved  by  its  being  brought  up  to  the  north  by  the 
fault  running  south  of  the  '  Chitapahar  *  range.  Now,  if  the  above  thickness  of 
'  Elhirthar '  beds  was  produced  by  a  folded  or  faulted  repetition  of  the  group,  I  do 
not  see  how  the  massive  limestone  at  the  base  could  fail  to  be  detected  in  the 
section.  The  validity  of  the  section  might  therefore  rest  on  its  own  merits,  but 
the  known  development  of  this  group  elsewhere  goes  far,  in  addition,  to  remove 
any  doubt  as  to  how  far  the  indicated  thickness  is  real. 

38.  Whilst,  then,  in  the  Punjab  we  may  infer  that  the  *  Khirthar  *  group  was 
fully  developed,  we  have  proof  in  the  above  section  of  that  break  which  has  elsewhere 
been  recorded  at  the  top  of  the  eocene,  in  the  deposition  of  the  '  Murree '  beds  on 
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*  Kliirthars/  to  the  total  exclusion  of  the  *  Nari '  op  apper  eocene  gronp,  though  it 
is  very  probable  that  more  to  the  eastward  the  *•  Nari '  and  Q^j  beds  are  represented 
partly  or  wholly  by  the  Dagshai  and  Kasanli  groups  (Manual,  p.  zvii),  the  latter 
including  the  '  N^an.'  The  occurrence  of  Pseudodiadema  in  these  '  Khirthar ' 
beds  (where  it  is  rare)  is  interesting,  the  genus  being  a  cretaceous  one ;  and  it  may 
be  remarked  that  another  species  was  found  by  myself  in  beds  in  Prome,  pre- 
sumedly younger  than  the  *  Khirthar '  group,  i;i2.,  the  *  Pegu '  group,  which,  from 
its  position  below  the  Burmese  representatives  of  the  Siwalik  group,  may  not  im- 
probably in  part  correspond  to  the  *  Gdj  '  of  Sind  and  the  lower  'Murree'  (D)  of 
the  Himalayan  region. 

39.  Another  point  to  be  noticed  is,  the  contrast  of  character  between  the  bottom 
beds  of  the  Siwalik  here,  on  the  northern  margin  of  the  Potwir,  and  that  which 
is  seen  to  the  south  of  the  Potwdr  along  the  Salt  Rtuige,  and  the  still  greater 
contrast  which  these  Punjab  basal  beds  show  to  the  lowest  beds  seen  to  the  east- 
ward in  the  Kolonia  section  (hereafter  given). 

40.  To  judge  by  mineral  character  and  aspect,  the  basal  beds  reposing^  on  the 
'Khirthar'  limestone  along  the  Salt  Range  would  not  seem  to  belong  to  a  lower 
horizon  than  beds  /  or  lower  Khdridns  B,  or  only  to  just  invade  the  horizon  of 
the  upper  *  Murrees '  C.  On  the  northern  side  of  the  Potwir,  however,  at  Lambi- 
dand,  the  beds  reposing  on  the  'Khirthars'  would  seem  to  reach  much  lower  down 
-—to  perhaps  as  low  as  a  middle  horizon  in  the  lower  *•  Murrees  *  D  ;  whilst  at  the 
Kolonia  river  to  the  east,  the  lowest  beds,  though  no  recognised  '  Khirthar '  beds 
are  reached,  would,  from  their  character  and  the  enormous  thickness  of  beds 
above  them  (14,000),  indicate  that  a  lower  horizon  of  the  lower  'Murrees'  D  has 
been  reached  than  anywhere  exposed  to  the  westward,  if  even  that  group  has 
not  been  passed  and  some  of  the  upper  '  Khirthars '  unknowingly  been  included 
in  the  section. 

41.  In  the  Lambidand  section,  the  profusion  of  nummulites  renders  it  easy  to 
detect  the  passage  of  '  Khirthars  '  into  the  *  Siwaliks ' ;  but  to  the  eastward,  where 
these  organisms  are  wanting  in  the  eocene  beds  as  so  regarded  (Dagshai  and 
Kasauli),  the  transition  from  upper  eocene  to  lower  Siwaliks  might  be  expected 
to  take  place  without  much  chance  of  detection  unless  a  marked  unconformity 
were  present.  This  marked  unconformity  certainly  does  not  exist  to  the  wesb 
and  cannot  therefore  be  looked  for  as  a  matter  of  course  on  the  east,  though  in 
the  central  region  about  Simla  it  may  be  marked  enough.  We  have  in  general^ 
therefore,  both  on  the  extreme  east  and  west,  little  to  guide  us  in  estimating  the 
precise  horizon  of  any  Siwalik  bed,  basal  or  otherwise,  than  mineral  character, 
the  presence  or  absence  of  mammalian  fossils,  and  the  development  of  the  group 
on  the  spot  in  question.  For  example,  where,  as  on  the  Kolonia  river,  we  have  a 
clearly  run  section  of  14,000  feet,  we  may  be  pretty  confident  we  are  not  far  from 
the  base  of  the  Siwalik  group,  if  we  have  not  at  that  depth  really  got  below  it, 
into  a  *  GAj  '  or  *  Nari  '  horizon.  On  the  other  hand,  as  at  Dariala,  where  we  find 
that  a  section  of  less  than  6,000  feet  of  Siwalik  beds  runs  us  up  on  to  their  top- 
most beds,  we  may  (being  supported  also  by  the  mineral  aspect  of  the  basal  beds 
respectively  in  either  case)  pretty  safely  judge  that  no  lower  horizon  in  the 
giwaJik  group  is    touched  than  a  high  one  in    the  upper    *  Murrees  *    (G ). 
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42.  The  section  I  now  give  is  one  embracing  tlie  entire  thickness  of  the  Siwalik 
group  north  of  the  Salt  Range  between  Daridla  on  the  Range  and  Kari^lain. 
the  PotwAr.  The  thickness  is  estimated,  not  measured.  It  crosses  one  synclinal 
trough  and  a  belt  of  'troubled'  ground,  where  a  fault  is  probably  concealed.  As, 
howeTer,  the  faults  in  the  Potwir,  having  a  large  'throw',  are  sharp  and  clean, 
it  is  probable  that  at  this  spot  any  considerable  *  throw'  has  been  commuted 
into  horizontal  disturbance,  which  does  rot  materially  vitiate  the  results  of  the 
section.  The  general  dip  of  the  beds  at  the  base  is  about  45**,  gradually  declin- 
ing as  they  recede  from  the  range  till  the  topmost  beds  have  flattened  down 
to  a  dip  of  not  more  than  2°  to  4**. 

Section  between  Dari41a  and  Kari&la— 

1.  Nnmmalitic  limeitone.  (Kirthar). 

2.  Greenish  Bandstones,  some  beds  hard,  tongh,  and  argillaceons,  with 

three  thick  beds  of  red  cUiy.   Bones,  mostly  fragmentary  thronghont^ 
and  one  ossiferous  zone  about  100  feet  above  the  nnmmulitic  lime- 
stone.   From  this  zone  I  procured  the  lower  jaw  of  Rhinoceros 
paUaindious,  F.  &  C.  ...  ••*  •••  ••«  •••     1*200 

.3.  Ued  clay  with  subordinate  bed  of  fine  greenish  sandstone  ...  ...     2,5^ 

4b  Gray  sandstone  ...  •••  •••  •••  •••  •••       ^^ 

6.  Pale-gray  sandstone  and  pale-yellow  clays  ...  ...  ...     1,500 

6.  Sands,  clays,  and    conglomerates  of    a  very    recent  and  fluviatile 

aspect      ...  ...  •••  •••  •••  •••  •••        1^ 

6,760 

43.  Beds  No.  2  of  the  above  section  are  the  *  N4han*  beds,  according  to  Mr. 
Wynne,  of  this  part  of  the  country.  The  first  point  to  notice  in  this  section,  is 
the  small  thickness  here  presented  by  the  entire  group  of  beds  above  the  nnmmu- 
litic limestone.  There  is,  it  is  true,  a  fault  in  the  section,  but  it  has  none  of  the 
appearance  of  one  involving  a  great  *  throw,'  and  its  effect  is  probably  inconsider. 
able  and  6  000  feet  would  really  seem  to  be  the  full  thickness  here  of  the  Siwalik 
group.  Mr.  Wynne  (Mem.  Geol.  Surv.,  Vol.  XIV,  p.  69)  gives  an  estimate  of 
the  thickness  of  the  Siwalik  and  *Nahan'  groups  in  the  vicinity  of  the  Salt  Range 
from  a  minimum  of  2,100  to  a  maximum  of  10,500.  I  cannot  say  that  I  can 
recall  any  spot  where  the  entire  Siwalik  group  is  reduced  to  so  low  as  2,100,  but 
the  mean  of  these  estimates,  6,300,  agrees  very  well  with  the  wholly  independent 
estimate  of  mine  above  given.  One  thing  is  pretty  clear,  and  that  is,  that  this 
particular  part  of  the  Potwdr  was  an  area  of  minimum  deposition,  as  shown  by 
the  attenuated  dimensions  of  such  usually  thick  beds  as  Nos.  4  and  5  (in  the 
above  section),  corresponding  to  the  upper  Khiriins  (A),  d  and  e,  whose  more 
nsual  development  may  be  judged  by  a  section  I  shall  presently  give  in  the 
Una  •  dun,*  and  which  beds  are  fully  developed  at  either  end  of  the  Salt  Eange 
within  the  depositing  area  immediately  affected  by  the  conditions  of  the  great 
valleys  of  the  Jhelum  and  Indus.  Equally  too  does  the  comparative  insigni- 
ficanoe  of  the  beds  No.  6  in  the  above  section,  compared  with  their  normal 
development  elsewhere,  point  to  the  condition  of  reduced  deposition  under  which 
the  beds  were  here  laid  down. 
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44,  Bat  a  tmer  explanation  of  this  seeming  contraction  indicated  by  the  aboye 
section  of  the  Siwalik  group  lies,  in  my  opinion,  in  the  fact  that,  instead  of 
embracing  the  entire  Siwalik  group,  it  really  embraces  only  its  upper  portion 
(Khdridns)  to  the  exclusion  of  the  lower  half  altogether  (Murrees). 

46.  This  view  is  not  held  by  Mr.  Wynne ;  but  my  colleague's  judgment  is,  I 
think,  largely  influenced'  by  the  identification  by  Mr.  Medlicott  of  some  low  lying 
beds  at  the  Bakriila  ridge,  with  his  (Mr.  Medlicott's)  '  Nahan*  or  lower  Siwaliks, 
as  they  have  been  considered.  Now,  this  identification  of  Mr.  Medlicott's  was,  I 
believe,  erroneous,  and  due  to  the  local  change  in  some  basal  beds  of  the  Siwaliks 
along  the  Bakrfila  ridge,  induced  by  mechanical  or  chemical  action,  though  fhe 
real  horizon  in  the  Siwalik  group  of  these  beds  was  scarcely ^  if  at  ally  helow  that  of 
upper  Siwaliks.  At  page  109  of  his  Salt  Range  Memoir  Mr.  Wynne  thuB  des- 
cribes these  so  called  *Ndhan* : — 

46.  "  The  *N^han'  beds  of  this  district  have,  comparatively  speaking,  a  limited 
exposure  in  the  Bakrala  ridge."     From  the  sentence  which  commences  the  next 
page,  it  is  clear  that  the  above  sentence  really  signifies  that  in  the  Bakrala  ridge 
alone  have  these  * Ndhans'  been  identified.     The  sentence  is :  "In  other  pla^^es  where 
the  ^Ndhan*  beds  have  not  been  recognised'^  8fc,,  and  in  no  other  places,  save  the 
Bakr&la  ridge,  are  they  specially  mentioned  as  recognised.     Now,   I  hapx>ened  to 
accompany  Mr.  Medlicott  when   he  visited  the  Bakr&la  ridge  and  effected  this 
unlucky  recognition   of   *N6han'   beds  there,    and  whilst  fully  admitting  the 
similarity  of  the  beds  there  to   others  lower  in  the  group  than  the  generality  of 
Siwaliks  near  the  Salt  Range,  yet,  in  my  opinion,  this  *  Ndhan  facies*  here  presented 
by  the  Siwalik  beds  is  a  local  feature  simply  superinduced  in  really  upper  Siwaliks 
(as  I  have  before  stated)  by  the  violent  protrusion  of  the  stifE  wedge  of  Khirthar 
limestone  forming  the  core  of  the  ridge,  (Wynne,  Z.  c,  p.  120).  Mr.  Wynne  goes 
on  to  say  (p.  109,  I,  c.)  .•  "  Here  at  the  Bakrila  ridge  they  consist  of  purplish 
and  gray  sandstones  interstratified  with  many  bands  of  red  clay  which  give  to  the 
whole  group  a  reddish  tinge ;  the  sandstones  are  harder  than  those  occurring  at 
higher  places  in  the  series.     This  strong  similarity  of  the  red   '  Murree  beds'  is 
not  found  to  the  westward        *         *         #         •     Both  the  redder  and  grayer 
rocks  of  the  Bakrila  ridge  contain  some  bone  fragments  and  occasionally  mam- 
malian (Mastodon)  teeth".     Now,  this  comparative  abundant  scattering  of  bones* 
tihrough  these  Bakrdla  beds  is  itself  sufficient  to  raise  serious  doubt,  in  addition 
to  the  pregnant  fact  that  similar  beds  with  a  quasi  N&han  facies  are  not  uaually 
met  with  along  the  Salt  Range,  for  not  only  are  the  entire  series  of  Siwaliks  along 
the  Salt  Range  more  or  less  ossiferous,  one  marked  zone  occurring  not  more  than 
100  feet  above  the  Khirthar  limestone,  but  we  know  that  elsewhere  along  the  nor- 
thern edge  of  the  Potwdr  or  throughout  the   Himalayan  region  generally,  bones 
are  simply  and  truly  conspicuous  on  the  *  Ndhan'  horizon  by  their  absence, 

47.  Again,  in  describing  the  *  Ndhan'  rocks  (Manual,  page  636),  we  are  told  by 
Mr.  Medlicott  that  'in  deeper  sections,  red  or  purple  clays  occur,  associated  with 
thinner,  harder,  darker  sandstones,  very  like  the  rock  of  the  Dagshai  group*. 

>  Vids  note  to  pnge  118,  Mem.,  Vol.  XIV. 
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Nothing  of  the  sort  is  seen  along  the  Salt  Range,  whether  regard  be  had  to  rock 
characters,  general  or  particular.  In  fact  the  base  of  what  '  red  zone'  there  may 
be  along  the  Salt  Range  is  actually  taken  as  the  upper  limit  of  the  so  called 
*Nahans',  instead  of  this  colour  character  being  made  to  embrace  that  division. 
At  page  110  of  Mr.  Wynne's  Salt  Range  Memoir  we  read :  "  Above  these  beds 
grayer  sandstones  prevail,  and  red  clays  or  shales  increase  in  quantity  upwards, 
associated  with  occasional  layers  of  pseudo-conglomerate  and  lumpy  calcareous 
purple  clay  until  the  red  beds  predominate,  so  as  to  form  a  marked  *  red  clayey  zone*, 
•  •  •  T^d  bottom  bed  of  the  red  zone  has  been  adopted  as  the  upper  limit 
of  Mr.  Medlicott's  *  Ndhan*  rocks  in  this  port  of  the  Punjab." 

48.  I  will  now  give  a  brief  sketch  of  the  section  of  the  Siwalik  group 
on  the  Kolonia  river  near  the  Nipal  border.  The  section  is  an  estimated 
one,  and  no  fossils  were  noticed  in  any  of  its  beds,  nor  indeed  have  I  seen 
any  determinable  fossils  in  the  whole  country  between  the  Ganges  and  Nipdl. 
The  lowest  beds  seen  in  the  Kolonia  river,  a  little  better  than  a  mile  above 
the  town  of  that  name,  arejvery  compact  sandstones,  often  in  thick  massive 
beds  of  various  pale  tints,  but  mottled  with  violet  or  reddish  blotches 
and  spots,  after  a  fashion  never  seen  among  the  upper  beds.  Associated  with 
these  characteristic  beds  are  dark-red  shales  of  a  purplish  or  plum  colour,  very 
hard  and  massively  bedded,  sometimes  uniform  in  tint  and  sometimes  spotted  or 
mottled,  and  a  few  yellowish  beds,  all  displaying  the  same  amount  of  induration. 
These  lower  beds,  which  may  be  regarded  as  characteristic  of  the  lowest  Siwaliks 
or  Mnrree  beds  (D),  pass  up  quite  insensibly  into  a  thick  series  of  massive  gray 
sandstones,  with  subordinate  beds  of  reddish  shale  constituting  division  C  or 
upper  Murree  beds,  and  t^ese  in  their  turn  pass  up  into  upper  Siwalik  or 
Khari4n  beds,  made  up  of  gray  or  greenish  sandstones  gradually  becoming 
pebbly  and  conglomeratic  at  top ;  whilst  at  top  of  all  on  this  section  comes  in  a  thick 
deposit  of  dark  and  ochraceous  clays  and  gravels  corresponding  to  tJie  gravels, 
clays,  and  conglomerates  in  which  the  Siwalik  group  everywhere  terminates, 
and  which  differ  in  no  respect  from  recent  river  deposits,  save  in  the  high  dip 
which  they  often  display. 

49.  I  now  give  two  sections  illustrating  the  general  character  of  the  '  Khdriin ' 
group  where  well  developed.  The  first  section  is  taken  across  the  Siwalik  range, 
bounding  the  Una  '  dun '  to  the  south  and  along  the  line  of  the  Hoshiarpur  and 
Eitigra  road.  It  is  partly  measured,  partly  estimated.  The  second  section  is 
taken  along  the  same  road  across  the  hill  bounding  the  Una  *  dtin '  to  the  north, 
and  is  a  repetition  of  the  former  beds.  But  a  great  difEerence  will  be  perceived 
in  the  development  of  the  coarse  beds  (d)  at  the  top  of  the  lower  '  Khdrian '  (of 
my  present  arrangement),  a  difference  clearly  dependent  on  the  greater  proximity 
of  the  northern  side  to  the  line  of  discharge  down  the  Beds  valley,  nothing  equal- 
ling the  coarse  conglomerates  of  the  Parwain  range  north  of  the  '  dun '  beiug 
seen  on  precisely  the  same  horizon  on  the  south.  Fossil  bones  and  teeth,  mostly 
of  Pfohoseidea,  and  ill-preserved  Uniones,  occur  in  the  hills  south  of  the  '  ddn,' 
but  are  less  common  in  the  coarser  beds  to  the  north. 


86 


Records  of  the  Geological  Survey  of  India, 


[vol.  XIV. 


Section  of  Uppbr  Siwaliks*  on  the  HosHiiRPUR  and  ELInora  Road 

MangIwal  and  Qagret. 

(Aficending.) 


••■ 


••• 


Soft  gray  ■andstones  with  clay  beds  intercalated  (otsif erooB) 

(The  38th  milestone  is  on  top.) 

Dark  kankary  clay     ... 

Gray  eandstone  ..,  ...  ..•  ...  ...  ... 

T crv  cxRrK  cihy^  «)  ■••  •••  •••  •••  ••• 

Soft  gray  sandstones  with  small  pebbles  ...  ...  ...  ... 

Pale  yellowish  sandstones,  pebbly,  and  a  bed  of  yellow  clay  towards 

DBse  ..■  •*•  ...  •••  ••  *•*  *■* 

Dark  kankary  clay 
(A  little  off  the  line  of  section  Uniones  of  the  27.  eorrugatuM  type  occur 

on  this  horizon.) 
Pale  gpray  sandstone  with  a  few  pebbles  and  strings  of  sandy  clay 
Soft  gray  sandstone  slabby  at  base  and  some  yellow  clay  below 
Yellow  sand  and  dark  clay         ...  .„ 

Gray  sandstone  with  hard  slabby  courses 

Sand  and  clay  ...  ...  ...  ...  ..•  ... 

Bluish  gray  pebbly  sandstone,  rather  clayey  in  parts 
Ditto  ditto,  darker  coloured 

Gray  sandstone  with  layers  of  clay  nodules  and  a  few  pebbles 
Gray  sandstone  ...  ...  ...  ...  ...  ... 

xjarK  ciay     ...  ...  ...  ...  ...  .••  .*• 

Pebbly  sandstone  with  clay  galls  towards  the  base... 

XjoXvl  cjays  ...  ...  ...  ...  ...  .*« 

Pale  gray  conglomeratic  sandstone  rusty-coloured  at  base     .. 
Clayey  beds,  rather '  Aranlrary '  ...  ...         •    ... 

Gray  pebbly  sandstones,  in  parts  conglomeratic  and  a  few  rubbly  clay 

COUi  oCH         ...  ...  ...  ...  ...  ...  ... 

Dark  rubbly  sandy  clay 

Gray  pebbly  sandstone,  coarse  and  slabby 

Dark  sandy  clay  (irregular) 

Gray  sandstone 

i^ar jc  ciay    ...  ...  ...  ,,,  ...  ,,,  ... 

Gray  pebbly  sandstone 

Clay  and  pebbles 

Pale  gray  pebbly  sandstone  (bones) 

(Here  some  disturbance  and  crushing.  Dip  vertical  and  slightly  in- 
verted.) 

Soft  gray  pebbly  sandstone  with  some  beds  of  dark  shale  at  base  (say) 

(The  85th  milestone  near  this.) 

Pale  gray  pebbly  sandstone  with  large  clay  pockets 

Soft  gray  sandstone  with  slabby  layers    ... 

Yellow  clay  with  sandstone  courses 

Soft  gray  sandstone  with  slabby  layers 

Dark  kankary  clay,  yellowish  and  sandy  at  top     ... 

Pale  soft  sandstone  with  hard  lenticular  courses    ... 

Buddy  sandy  clay,  brownish  at  base 

Soft  gray  sandstone  with  a  few  pebbles,  and  rounded  subbotryoidal 
laminated  concretions  with  hard  courses  at  base 


OAD 

• 

BETWEEN 

Ft. 

In. 
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(Asoending.) 

Soft  gray  pebbly  Banditone  with  hard  concretions  irregularly  dispersed 

(Then  the  85th  milestone.) 

Hard  gray  sandstone  coarse 

Dark  clunchy  days,  rather  thin -bedded  ... 

Soft  yellowish  sandstone,  clayey  in  parts 

Ditto  with  slabby  courses 

Soft  gray  sandstone   ...  ...  ...  ...  •••  ... 

Yellowish  pebbly  sand  and  clay 

Soft  gray  sandstone   «..  ...  ...  ...  ...  .. 

Fine  conglomerate      ...  ...  ...  ...  ...  ••• 

Soft  gray  sandstone    ...  ...  ...  ...  ..*  ... 

Pebbly  band  ••«  ...  ...  ...  .«•  ••• 

Soft  gray  sandstone,  few  or  no  pebbles   ... 

Fine  kankary  conglomerate      ... 

Soft  gray  pebbly  sandstone       ...  ,.«  ...  ...  ... 

Pale  yellow  day 

Beddish  yellow  day    ...  ...  ...  ..• 

Soft  pebbly  sandstone  in  massive  beds     ... 

Gray  sandstone,  no  pebbles 

Gray  pebbly  sandstone  with  some  conglomerate  disseminated 

Ditto  ditto  ...  ...  ...  ...  ••• 

Dvuuy  ciBy  ...  ...  ...  ...  ...  ...  ... 

Gray  sandstone  and  clay 

day  layer    ... 

Soft  sandstone,  pebbly  at  top    ... 

Coarse  pebbly  layer    ... 

Soft  pebbly  sandstone  ,.•  ...  ...  ...  ... 

Coarse  sandy  conglomerate,  some  of  the  pebbles  6  inches  in  diameter... 
Pale  pebbly  sandstone,  hard  and  slabby  ...  .•• 

Ditto  softer    ...  ...  ...  ...  ... 

Dark  shales,  sandy  and  paler  below 

Gray  sandstone  with  large  pebbles  at  top  ... 

Pebbly  day  ...  ...  ...  ...  ...  ... 

(Hereabouts  is  the  88th  milestone.) 

Yellowish  sandstone  ...  ...  ...  ...  •..  ... 

X eiiow  ciay  ..«  ...  .,.  ...  ...  ...  ... 

Hard  pebbly  sandstone 

Soft  yellowish-gray  sandstone  ... 

Soft  pale  sandstone    ... 

Ydlow  silty  day        ...  ...  ...  ...  ...  ... 

x^t^wL  Clay    .*•  ...  .«.  •*.  ...  ...  ... 

day  and  sandstone    ...  ...  ...  ...  ...  ... 

Soft  sandstones  ...  ...  ...  ...  ...  ••• 

Yellow  kankary  clay  with  small  ferruginous  concretions 

Soft  yellowish'gray  sandstone  ...  ...  ...  ...  ... 

oanoy  ciay  ...  ...  ...  ...  ...  .»«  ... 

Soft  yellowish -gray  sandstone  ... 

Ydlowish  sandy  clay  ...  ...  ...  ...  ... 

Pde  sandstone 

day,  dark  at  top        ...  ...  ...  ...  ... 

Pale  snty  sandstone,  clayey  in  parts 


...  ...  ••• 

•••  ..•  >•. 
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(Aacending). 


Clays  with  a  little  kankar 

Pale  sandstone 

Reddish  sandy  elay 

Dark  clayey  beds        ...  ... 

Pale  silty  clay,  rather  compact  .. 

Yellowish  silt 

Soft  gray  sandstone    ... 

Silty  clays  and  sandstones 

Yellowish  clays,  dark  at  top 

Sandstone    ... 

Yellowish  clays 

Soft  yellowish  sandstone 

Reddish  clay  with  one  dark  band 

Bluish  clay 

Yellowish  clay  with  dark  layers 

Reddish  sandy  clay     .. 

Ditto    less  sandy     ... 
Dark  clays 
Pale  pebbly  sandstone 

Ditto  with  few  or  no  pebbles  ... 
Clay  beds,  dark  above,  pale  below 
Reddish  clay,  sandy  at  base 
Dark  kanhary  clay 
Dark  clays  ... 
Pebbly  sand 
Dark  clay    ... 
Sandy  clay  ... 
Yellowish  sandy  band 
Reddish  clay,  sandy  in  middle  ... 
Dark  clay     ... 
Reddish  clay  in  thick  beds 
Conglomerate  (irregular  bed)    ... 
Yellowish  sandy  clay 

Ditto     paler  and  in  thinner  beds 
Soft  pebbly  sandstone 
Clay  beds     ...  ...  ... 

Conglomerate 

Pebbly  sand,  yellow  mottled     ... 

Yellowish  clay  ...  •• 

Coarse  conglomerate  ... 

Yellowish  clays 

Coarse  yellowish  pebbly  sandstone 

Ditto  with  few  or  no  pebbles  ... 

Ditto  with  hard  courses 
(Here  stands  the  89th  milestone.) 
Pebbly  sandstones 
Sandy  clay  with  stringy  of  pebbles 
Stiff  clays    ... 

Coarse  conglomerates  (irregular  bed) 
Sandy  clay  ...  ... 

Conglomerate 


Ft.  In. 
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(Ascending.) 


Ft. 

In 

Sandy  clay 

•  •  • 

•  •« 

•  •  ft 

•  •• 

10 

0 

Sandy  conglomerate  ... 

1st 

«  •  t 

•  ft  • 

•  •• 

20 

0 

v/iays             •••             •••             ••• 

•  ■  • 

•  •  • 

•  ft  ft 

•  ft  • 

40 

0 

Sandy  clay  with  conglomerate  bands 

•  •  • 

•  •  ft 

•  •  • 

•  •  t 

60 

0 
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•  •  • 

■  ft  • 

•  ■  ft 

ft  ft  ft 

80 
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■  •  • 

tss 

ft  ft  ft 
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0 
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■  a  • 

•  •• 
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Tellowisb  sandy  with  conglomerate  strings 

«  ft  « 

•  •  • 

•  •  ft 
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0 

Coarse  conglomerate  ... 

•  •  • 

•  «  • 

ft  ft  ft 

•  •« 

12 

0 

Sandy  clays,  reddish  at  top 

•  •  • 

•  ft  • 

ft  ■  • 

•  ft  ft 

70 

0 

Coarse  sandy  conglomerate 

•  •ft 

•  •  ft 

•  •• 

ft  •  • 

25 

0 

Sandy  clays 

•  •• 

•  •  ■ 

•  •ft 

ft  ft* 

20 

0 

Coarse  conglomerate  ... 

•    IS 

•  •  ft 

•  •  • 

•  •  ft 

30 

0 

Incoherent  pale  sandy  clnys,  gravels 

and 

conglomerates,  all  of 

very 

recent  aspect  (seen,  perhaps) 

•  ■  • 

•  ft  • 

Total 

... 
•«  • 

300 

0 

3,219 

9 

50.  Tlie  section  above  given  commences  in  the  lower  '  Kharidns '  e,  and  mns 
ap  into  tbe  npper  '  Khdrians '  c,  but  the  coarse  bonlder  conglomerates  of  d  are  here 
merely  represented  by  pebbly  beds.  In  the  section  given  below,  however,  these 
coarse  bonlder  beds  are  well  represented,  and  not  only  have  the  coarser  beds 
become  developed,  bnt  the  beds  in  either  section  displaying  this  conglomeratic 
character  have  increased  from  2,700  feet  on  the  south  to  4,800  feet  or  there- 
abouts in  thickness  to  the  north. 

Section  of  Upper  Siwaliks   or   Kharians   on  the    Hoshiarpur  and   Kanora 
BoAD  between  Oahlin  on  the  Banqanga  and   Kangra. 

Section,,  ascending,  from  the  Oanibar  fault. 

Ft. 
The  Oambar  faolt— 

Bed  clays  and  gray  sandstones,  hard  and  thick -bedded  ...       700 

Dnll  reddish  clays  with  thin  courses  of  sandstone,  and  fonr  thick 
beds  of  reddish  gray  sandstone   ...         •  ...  ...  ...       500    1,200 

(These  beds  belong  probably  to  the  upper  '  Mnrrees '  c.)  . 

Greenishgray  sandstone    ..  ...  ...  .,  ...         60 

Purplish  friable  clays  with  reddish-gray  sandstone  courses        ...        26 
Beddish  sandstone  and  reddish  sandy  clays  with  thin  sandstone 

courses  ...  ...  ...  .«.  ...  0,,  0Q 

Gray  speckled  massiTe  sandstone    ...            ...            ...            ...  30 

Parplish-red  day              ...            ...             ...             ...            ...  7 

Fine  reddish  sandstone     ...            ...             ...             ...            ...  9 

Bed  clays  with  intercalated  beds  of  sandstone  10  to  16  feet  thick  20O 

Thick-bedded  gray  sandstone          „,            ,.             ,..            ...  fio 
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Ft. 

Bed  clays            ...             ^.             .„            ...            ...             ...  80 

Gray  sandstone 80 

Red  clays            ...            ...            ...            ...            ...            ...  20 

Gray  sandstone  (526)        ...             ...             ...            ...             .^  20 

Fine  conglomerate             ...             ...             ...             ...             ...  9 

Sandstone  with  clay  band  and  fine  conglomerate  eonrses            ...  20 

Gray  sandstone  and  purplish-red  clays           ...            ...            ...  120 

Fine  conglomerate             ,.,            ...            ...            ...            ...  9 

Sandstone           ...            ...            ...            ...            ...            ...  40 

Xteo.  ciay               ...              ...              ...              ...              ...             ...  jf 

Fine  sandstone  and  intercalated  red  clays  (about)        ...             ...  1,000 

Soft  sandstone,  pebbly  in  places,  and  intercalated  red  clays  (be- 
tween Takipur  and  Dowlatpur),  about        ...            ...            ...  1,000 

Coarse  boulder  conglomerates  in  thick  regular  beds,  coamer  and 

less  distinctly  bedded  at  top  (4^507)            ...             ...             ...  2,300    6,033 


Total  ...  ...   6,233 


51.  The  first  1,200  feet  of  beds  in  this  section  belong  probably  to  the  upper 
'  Mnrrees,'  and  from  some  bed  about  this  horizon  it  is  probable  Mr.  Medli- 
cott  obtained  his  specimen  of  Amphicyon  near  Nnrpnr.^  Above  the  beds  at  the 
base,  with  a  '  Mnrree '  aspect,  come  in  over  5,000  feet  of  typical  upper  *  Siwaliks.' 
Of  these  the  basal  500  feet,  or  thereabouts,  represent  the  lowest  division /,  whilst 
the  remainder  mainly  represent  the  '  grays  *  and  boulder  conglomerates  e  and  d. 
The  higher  gravels  and  clays  c  do  not  come  into  the  section,  but  are  probably 
present  further  north,  in  which  direction,  on  about  the  same  line,  the  very  coarsest 
and  highest  beds  of  the  group  a  come  in  in  great  force. 

52.  It  is  in  the  Kdngra  district  that  not  only  do  these  remarkable  upper  conglo- 
merates (a)  attain  their  fullest  development,  but  the  largest  boulders  are  met 
with,  I  have  anywhere  seen,  in  the  *  boulder  conglomerates  *  d,  in  which  it  is  usual 
for  the  omnipresent  *  grays '  to  terminate  above,  except  away  from  the  great  river 
valleys  which  no  doubt  served  as  vomitories  for  the  dispersion  of  the  pioducts 
of  Himalayan  denudation.  In  the  hills  south  of  Dehra,  boulders,  nearly  30 
inches  in  diameter,  of  hard  silicious  schists,  may  occasionally  be  seen,  whilst  such 
as  exceed  20  are  far  from  rare.  But  the  largest  by  far  of  these  well  rounded 
boulders  occur  east  of  Kdngra,  and  the  largest  boulders  I  ever  measured  were 
between  Burw&ni  and  Tharul,  where  I  noticed  two,  respectively  over  12  and  14 
feet  each  [in  girth.] 

53*  The  largest  boulders  from  these  Siwalik  beds  are  of  some  silicious  schist  or 
quartzite,  the  boulders  of  granite  running  habitually  smaller,  and  here  a  distinc- 
tion must  be  made  between  the  boulders  in  the  surface  gravels  derived  frona  the 
Siwalik  gronp  and  the  boulders  derived  from  old  '  moraines.'  As  I  have  said, 
no  boulder  from  any  Siwalik  bed  that  I  have  ever  seen  has  attained  to  15  feet 
in  girth,  whilst  granite  boulders  from  the  *  moraines '  of  this  size  are  too  nuntieroua 
to  reckon,  ai*  i  these  boulders  of  *  erratic  *  or  moraine  origin  run  up  to  150  feet  in 

^  The  specimen  was  given  to  me  by  the  late  Dr.  Pemberton  at  Dalhousie. — H.  B.  M. 
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girth.  Mach  as  the  Siwalik  conglomerates  may  have  contribated  by  their  wear- 
ing down,  to  form  the  surface  accumulations  of  the  district,  they  have  no 
connexion  with  the  huge  '  erratics '  or  more  numerous  blocks  of  less  size,  but  of 
similar  origin,  so  plentifully  sprinkled  over  the  surface,  and  it  is  certain  that 
the  climatal  conditions  which  these  monstrous  'erratics'  indicate,  is  altogether 
post- Siwalik,  and  the  incipient  effects  of  which  were  doubtless  to  disperse,  and 
not  improbably  in  many  cases  altogether  extinguish,  the  Siwalik  genera  which 
60  abruptly  disappeared  after  the  Siwalik  period.  This  interesting  question  and 
the  various  arguments  both  for  and  against  a  glacial  period  in  India  can  best  be 
discussed  separately,  as  having  no  immediate  connexion  with  a  paper  on  the 
Siwalik  g^up  itself. 

54,  The  section  of  the  upper  Siwaliks  at  Babhor,  on  the  Sutlej,  where  that 
river  first  issues  from  the  mountains,  may  here  be  epitomised.  It  is  rather 
doubtful  how  much  of  it  may  be  apportioned  to  the  upper  'Murree'  beds, 
but  it  well  displays  the  remai-kable  development  of  the  conglomerate  beds,  and 
is  remarkable  for  the  intercalation  of  a  thick  band  of  brown  and  red  clays 
(not  generally  well  developed  elsewhere)  at  the  base  of  the  upper  boulder  con- 
glomerates. The  determining  agency  of  the  large  rivers  in  the  production  of 
the  boulder  beds  of  the  Siwalik  group  (first  prominently  noticed  by  Mr.  Medli. 
cott)  is  further  exemplified  by  the  thick  bed  of  coarse  conglomerate  laid  down 
unconformably  by  the  Sutlej  on  the  upturned  end  of  the  Siwalik  boulder 
beds. 

Section  or  Siwaliks  between  Naila  and  Babhob  on  the  Sutlej. 

Sedion,  OMcending,  based  on  the   'Koseri*  fault    (vide  Mr.     Medlicott's   Memoir, 

Mem.  Geol.  Surv.,  Vol.  Ill,  p.  141). 

Ft. 
Brown  and  red  sandatonei  and  clays  (beds  V  of  Medliootfs  Bection)  say    3,000 
Gray,  pepper  and  salt*  or  greenish  sandstones,  soft  and  pebbly  in  massive 

beds,  with  some  intercalated  beds  of  red  cli^  sparingly  ossiferous 

(beds /2  of  Medlicotf 8  section)  ...  ...  ...  ...     2,600 

▲  thick  series  of  brown  or  red  or  dark  and  greenish  shales  intercalated 

aboTe  with  yellowish  pebbly  sand  clays  and  conglomerates  ...  ...       626 

Coarse  boulder  conglomerates,  boolders  3  to  0  inches  in  diameter  ...       125 

Coarse  boolder  conglomerates,  but  boulders  increasing  to  1  or  2  feet 

in  diameter...  ...  ...  ...  ...  ,„  .,,     1,100 

Total  ...  ...    7.251 

56.  The  precise  thickuess  of  beds  referable  to  theMurree  group  in  this  section 
is  not  well  determined,  but  we  have  undoubtedly  some  6,000  feet  of  upper  Siwaliks 
though  the  highest  beds  (a)  do  not  come  into  the  section.  The  group,  we  may 
presume,  is  here  at  its  thickest  if  Mr.  Medlicott  is  correct  in  correlating  these 
deposits,  with  ancient  lines  of  drainage  nearly  coincident  with  the  present  course 
of  existing  river  valleys. 

56.  The  upper  Khdri&n  gray  sandstones  and  conglomerates  (beds  d  and  e)  are 
not  only  the  most  universally  present,  but  most  homogeneous  in  character  of  any 
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beds  of  the  group  ;  but  such  is  not  the  case  with  the  topmost  beds  of  the  group  (a,  &, 
and  c).  The  clays  and  gavels  of  beds  e  are  probably  co-extensive  and  equally  well 
developed  originally  as  those  below  them  forming"  the  natural  conclusion  of  the 
group  above  (a  and  h  being  of  more  local  character),  but  from  their  position  they 
have  suffered  more  from  denudation,  and  even  faulting,  than  the  lower  beds.  For 
example,  north  of  the  Kolonia  river  between  Baiala  and  Katol,  these  beds  are 
composed  of  dark  and  yellow  clays  in  thick  beds,  with  alternating  bands  of  not 
very  coarse  gravel,  and  scarcely  distinguishable  from  modem  deposits,  unless  the 
clays  are  perhaps  more  compact  than  is  usually  the  case  in  newer  beds.  These 
beds  become  highly  inclined  as  they  approach  the  boundary  fault,  which  is  here 
not  the  'main  boundary,*  but  a  fault  which  brings  them  into  contact  with  lower 
beds  of  their  own  group.    Of  this  more  hereafter. 

57.  The  area  covered  by  beds  of  these  upper  Khdri&ns  east  of  the  Granges  is  not 
usually  broad,  save  between  Kdladhfingi  and  the  Pdtli  '  dun,*  their  faulted  bound- 
ary to  the  north  being  always  soon  reached  at  one  of  the  great  faults  traversing 
the  group  in  lines  more  or  less  parallel  with  the  direction  of  the  outer  ranges. 

68.  West  of  the  Ganges,  many  beds  of  sand  and  clay,  and  the  recent  looking 
gravelly  accumulations  which  mark  the  coarse  conglomerates  of  the  ranges  south 
of  the  *  duns,'  may  really  belong  to  the  topmost  division  c  of  the  Siwaliks,  rather 
than  to  newer  deposits  ;  but  it  is  never  easy  to  ascertain  very  precisely  the  state 
of  the  case,  even  when  the  beds  are  tilted,  which  the  modem  deposits  of  corres- 
ponding character  rarely  are,  and  never  to  the  same  extent. 

59.  The  next  spot  going  west,  where  these  topmost  beds  of  the  Khdri^ois  are 

largely  developed,  is  under  the  cantonment  of  Bakloh,  on 

o»SfZi°to  DaS^'^e!      tt«  '^oad  '^P  ^^"^  PatMnkot  to  Dalhousie.  and  here  the 

general  aspect  of  the  beds  is  very  peculiar. — DuneraD&k 
bungalow  stands,  I  should  say,  a  little  below,  as  far  as  its  geological  horizon  goes, 
the  lowest  limits  of  the  d  division  of  the  Kharian  group.  Soon  after  leaving  the 
bungalow,  bands  of  conglomerate  appear  in  the  sandstones,  a  slightly  redder  hue 
being  observable  than  is  usually  the  case. — There  is  nothing,  however,  particularly 
noteworthy  till  the  bridge  is  crossed  and  the  first '  choki,' '  just  across  it,  reached. 

60.  Conglomerates  now  come  in  (fc),  evidently  homologous  with  the  conglo- 
merates forming  the  highest  beds  of  division  d,  but  differing  from  the  usual 
type  seen  south  of  Dehra  and  elsewhere,  in  being  far  less  homogenous  in 
character,  and  having  the  appearance  of  having  been  more  rapidly  accumulated. 
The  village  of  Bingha  (below  the  road)  is  situated  at  the  top  of  these  beds, 
about  where  division  d  would  seem  to  succeed  them. 

61.  The  coarse  conglomerates  at  this  point  give  place  to  a  very  peculiar  group 
of  clays,  gravels,  and  fine  conglomerates  (a),  tinged  with  the  prevailing  dark  red 
hue  of  the  clay  beds,  and  displaying  the  bulk  of  the  pebbles  in  the  gravel  beds 
coated  with  a  dark  lustrous  glaze.  This  glaze,  the  result  possibly  of  iron  dissolved 
out  of  the  red  clays,  is  not  seen  in  the  coarser  conglomerates  below,  but  is  abruptly 
marked  above  them,  and  I  know  of  nowhere  else  where  these  beds  present  a 
similar  appearance.     These  topmost  beds  a  are  cut  off  by  the  Deireh  fault,  which 

^  Changing  place  for  bearer*. 
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runs  under  Baklob,  and  brings  them  into  contact  with  sandstone  of  an  older  group, 
probably  *  Murree'  or  *  Kasauli  beds. 

62.  From  Dunera  to  tbe  top  beds  at  tbe  fault  tbere  can  bardly  be  less  than 
6,000  feet  of  beds  exposed,  or  thereabouts,  all  upper  Si^walik,  and  of  which  pro- 
bably 1,500  feet  may  be  referred  to  the'highest  beds  a,  I  was  not  able  to  detect 
any  fossils  on  this  line  of  section,  though  I  searched  particularly  for  them.  East 
of  the  Jnmna,  in  the  *  Ddn,'  the  upper  division  c  of  sands,  clays,  and  gravels  is 
not  particularly  well  developed,  or,  what  is  more  likely,  has  been  so  broken  up  by 
denudation,  and  sheeted  over  by  surface  accumulations  resulting  therefrom,  as  not 
to  be  specially  distinguishable,  where  the  dip  of  the  beds  flattens  out,  as  is  the  case 
with  tliese  topmost  beds  in  the  hills  south  of  Dehra.  After  crossing  the  Beds, 
however,  to  the  west,  this  upper  division  c  seem  better  represented,  and  so  con- 
tinues to  the  Jhelum,  though  often,  it  would  seem,  at  the  expense  of  the  lower 
beds  d.  West  of  the  Jhelum  these  conglomerates  (c2)  are  well  developed  in  the 
Rotas  ridge,  but  east  of  the  river  throughout  the  Khdridn  hills,  their  place 
i8  taken  by  the  gravels  and  clays  of  division  c.  It  is  in  these  beds  c,  west  of 
the  Jhelum,  that  the  extraordinarily  rich  collection  of  fossils  occur  north-west 
of  Mt.  Tilla  near  the  villages  of  Asnot,  Padri,  Bhandor,  and  they  are  also 
fofisiHferous  to  a  less  degree  east  of  the  river  towards  Bhimber.  The  well 
known  route  into  Kashmir  past  Bhimber  gives  a  characteristic  section  of  the 
Siwalik  group  west  of  the  Beds.  For  about  half  way  between  Bhimber  and  the 
crest  of  the  first  ridge  (about  Aditdl),  the  rocks  are  all  these  highest  clays 
(c)  and  sands,  which  but  for  their  dip  and  association  with  the  lower  beds 
might,  many  of  them,  pass  for  modem  alluvial  deposits.  The  outer,  or  Aditdl 
ridge,  is  itself  composed  of  the  topmost  beds  of  division  e,  the  coarse  boul- 
der conglomerates  d  being  here  represented  by  a  few  pebbly  beds  in  the 
sandstones  e ;  the  entire  sequence  of  all  the  beds  being  clearly  seen  on  the  road 
to  Syddbdd,  the  first  halting  stage  from  Bhimber.  On  the  ascent  to  the  crest 
of  the  Aditdl  range,  in  a  clayey  bed  high  up  in  division  e,  I  procured  the  isolated 
upper  molar  of  Hydaspetherium,  but  fossils  are  not  conmion  here,  and  isolated 
and  fragmentaiy.  The  maximum  thickness  of  the  sands  and  clays  of  division  c, 
between  the  Beds  and  Jhelum,  does  not  fall  far  short  of  5,000  feet,  though  this 
includes,  partly  at  least,  the  division  d,  or  coarse  boulder  conglomerates,  which  they, 
to  a  great  extent,  replace  and  represent.  To  this  upper  division  must  also  be 
referred  the  beds  west  of  Babhor,  containing  Suhaltu  and  Oamelus,  and  which 
would  seem  to  constitute  passage  beds,  as  far  as  age  goes,  into  the  mammalif erous 
clays  and  gravels  of  the  Narbada,  and  other  large  rivers  of  the  Peninsula,  and  the 
same  beds  also  would  seem  to  occur  near  Btipar,  where  they  have  quite  the  aspect 
of  modem  deposits,  though  without  doubt  the  youngest  member  of  the  Siwalik 
group,  and  inseparable  therefrom.  A  marked  peculiarity  in  the  upper  Siwalik 
conglomerates  west  of  the  Jhelum,  between  the  Chambal  and  Tilla  ranges,  is 
the  occurrence  in  them  of  pebbles  and  boulders  of  nummulitic  limestone,  red 
granite,  and  dark  purplish  porphyries,  hard  and  massive  (*  elvans^?)  of  which  last 
two  rocks  no  known  source  exists  in  the  Himalayan  region.  Some  rocks  from  the 
Arvali  ranges  to  the  south  are  not  very  dissimilar,  and  strongly  suggest  an  ori- 
ginal southern  source  of  derivation  for  these  rocks,  which  in  the  Salt  Range  are 


94  Records  of  the  Gtological  Survey  of  India,  [vol.  xiv. 

found  in  conglomerates  of  all  ages  from  palceozoic  to  newer  mesozoic  times.  The 
proximate  source  for  the  boulders  in  the  Siwalik  conglomerates  east  of  the  Cham- 
bal  ranges,  is  of  course  through  the  denudation  of  some  of  the  above  mesozoic 
conglomerates  in  the  Salt  Bange,  particularly  the  boulder  clays  of  presumed 
cretaceous  age  or  '  olive  zone'  (Wynne's  Salt  Bange  Memoirs,  p.  103)  at  the  east 
end  of  the  Salt  Eange. 

63.  The  way  in  which  the  upper  Siwaliks  pass  into  sands  and  clays  wholly  un- 
distinguishable  from  modem  alluvial  deposits,  may  be  well  observed  in  the  Potwdr 
between  Gujarkh^  (on  the  Jhelum  and  Pesh&war  road)  and  the  Bakrala  range, 
where  it  is  only  by  tracing  the  beds  down  into  tilted  Siwalik  strata  that  it  is 
possible  to  distinguish  the  horizontal  Siwalik  clays  from  the  newer  alluvium,  and 
yet  beds,  in  other  places  about  the  same  horizon,  have  participated  in  the  most 
prodigious  faults  which  seem  to  have  occurred  synchronously  with  the  final  eleva- 
tory  movements  of  the  Himalayan  region,  not  earlier  probably  than  in  older 
pleistocene  times. 

64.  I  now  propose  to  say  a  few  words  on  the  faults  which  traverse  the 
Siwalik  area,  as  they  are  not  only  intimately  connected  with  the  beds  there, 
but  have  an  important  bearing  on  the  structural  history  of  the  Himalayan 
region,  and  this  is  the  more  necessary,  as  a  tendency  exists  in  some  quarters  to 
dispute  their  existence  and  explain  away  the  results  they  have  produced. 

Between  the  S&rda  and  Ganges  four  principal  faults  may  be  specified — • 

I.  The  Gauri  Gh&t  fault. 

II.  The  Baiila  fault. 

III.  The  PitiL '  dun'  fault. 

IV.  The  .  &ldh&ng  fault. 

I.  The  Gauri  Ghat  fault. 

65.  This  fault  is  the  great  boundary  fault,  whereby  some  division  or  other  of 
the  Siwalik  group  is  brought  *  down'  to  the  south  into  contact  with  the  schists 
and  limestones  of  the  hilly  region  of  Kumaun,  but  I  prefer  calling  it  after  the 
spot  where  it  crosses  the  Ganges  to  terming  it  simply  the  '  boundary  fatUf  from 
the  uncertainty  which  exists  in  identifying  it  with  the  particular  &ults  west  of  the 
Ganges,  which  is  its  proper  continuation  in  that  quarter.  It  enters  the  district  of 
Kumaun  from  Nip&l  at  the  junction  of  the  Ladhia  river  with  the  Sdrda,  and  for 
about  7  miles  its  course  coincides  with  the  channel  of  the  former  stream.  It  then 
leaves  that  river,  curving  down  to  the  south,  and  thence  up  to  Durgapipal  and 
south  of  the  ThAli  lake  to  the  Gola  river,  which  it  cuts  three  times;  It  then  pas- 
ses a  mile  south  of  the  Naini  T41  Brewery  (ShrAb-batti)  past  Sinti  to  the  Rdm- 
ganga  and  Mundal  rivers,  both  of  which  it  crosses  a  little  above  their  point  of 
junction,  and  thence  through  the  wild  and  hilly  region  north  of  the  Patli  and 
Chokar  '  duns,'  past  Jamniabagh  to  the  Ganges,  which  it  cuts  almost  midway 
between  Gauri  ghat  and  Baiwdla.  Close  to  the  Gttnges  it  makes  rather  a  sharp 
bend  to  the  south-west  of  Bunas,  where  it  is  joined  by  the  Laldhing  fault,  but  its 
general  course  is  either  straight  or  with  a  very  open  curve. 

66.  For  the  first  20  miles  of  its  course,  from  the  mouth  of  the  Ladhia  river  to 
within  a  couple  of  miles  of  Durgapipal,  the  contact  rocks  to  the  south  are  lower 
Siwalik  strata,  but  at  this  point  these  lower  Siw8.1iks  are  *  cut  out'  by  the  Baiala 
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fault,  -which  here  unites  with  the  last,  and  thence  to  the  Gola  river,  the  upper 
Siwaliks  form  the  contact  rocks  to  the  south.  Here  the  fault  is  sharply  deflect- 
ed across  the  strike  of  the  upper  Siwaliks,  and  the  lower  Siwaliks  are  thereby 
once  more  brought  in  contact  with  it  at  Amratpur,  and  so  continue  till  within 
2^  miles  of  the  Ganges,  when  the  upper  Siwaliks  are  again  brought  in  by  the 
Laldhang  &ult)  and  so  continue  till  the  Ganges  is  reached  a  distance  of  137  miles 
from  its  starting  point  on  the  Sarda  river. 

II.  The  Baiala  fault. 

67.  This  fault  has  a  short  course  of  21  miles  from  the  Sdrda  river  to  the  above 
mentioned  point  near  DurgapipaJ,  where  it  unites  with  the  last,  enclosing  between 
them  a  thin  wedge  of  lower  Siwaliks,  having  an  underlie  to  the  schists  and  lime- 
stone to  the  north,  and  bounded  to  the  south  by  upper  Siwaliks  with  the  same  or 
normftl  underlie  of  the  younger  rocks  repeated.  The  greatest  breadth  of  this 
wedge  of  older  Siwaliks  is  nowhere  quite  4  miles. 

III.  The  PAtli  'ddn'  fault. 

68.  This  fault  is  very  obscurely  seen  so  far  as  contact  sections  go,  but  is  as 
clearly  marked  as  the  others  by  the  character  of  the  beds  on  either  side  of  it. 
It  commences  north-west  of  Kd,ladhungi,  and  thence  runs  with  a  slight  curve  to 
the  Kosi  river,  which  it  crosses  rather  less  than  3  miles  south  of  Mohan,  and  thence 
holds  on  right  through  the  centre  of  the  Patli  '  d(!in,'  cutting  the  Bdmganga  rather 
less  than  2  miles  north  of  the  Boksar  bungalow.  From  this  point,  where  it  is  well 
seen  in  a  tributaiy  of  the  Bdmganga^  it  runs  nearly  straight  out,  through  the  hills, 
to  the  plains  near  B&gndla.  It  is  a  grand  through-fault,  bringing  the  upper 
Siwaliks  to  the  south  into  contact  with  the  lower  Siwalik  of  the  north,  except 
where  it  runs  out  of  the  hills  near  Bagndla,  in  doing  which  it  cuts  back  and  down 
through  the  upper  Siwaliks,  till  the  ^throw'  is  so  diminished  that  lower  '  Siwaliks' 
are  in  contact  with  each  other  on  either  side  of  it.  Its  course  is  for  55  milog 
through  a  densely  wooded  almost  uninhabited  country,  where  wretched  wood- 
cutters alone,  during  what  may  be  really  termed  '  the  man-eating  season  (from 
November  to  March),  risk  their  lives  in  precarious  and  unequal  rivalry  with  the 
savage  beasts  of  the  wild,  the  skulking  tiger,  and  wily  and  no  less  danger- 
ous elephant. 

IV.— The  Lildhdng  fault. 

69.  This  faulty  which  is  a  very  short  one,  has  not  been  closely  traced,  but  is 
sufficiently  indicated  by  the  character  of  the  rocks  it  separates.  It  is  interesting, 
as  marking  the  termination  to  the  east  of  the  Ganges  of  the  beds  which  as  a  range 
of  hills  terminate  at  Hardwdr.  Though,  however,  the  range  of  hills  south  of 
Dehra  cease  at  Hardwar,  the  rocks  composing  it  cross  the  Ganges  and  reappear 
on  the  opposite  bank  in  the  low  hills  of  Ch^ndi  Pahar,  whence  they  extend  to 
the  eastward  as  far  as  the  Paili  stream.  The  lower  beds  next  the  plains  present 
high  dips,  being  often  vertical,  whilst  the  upper  beds  gradually  flatten  out  as 
they  approach  the  boundary  fault  (I).  Did  these  beds  continue  across  the  Paili 
t^ream  they  would  come  into  contact  with  the  lower  beds  about  L&ldh4ng,  but 
^ej  are  bounded  here  by   a  sort  of  bay  of  alluvium,  which  runs  up  the  Paili 
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stream  atid  conceals  tlie  Laldhang  fault,  whicH  cuts  off  the  newer  beds  some- 
where about  the  position  of  that  river,  and  brings  the  beds  to  an  abrupt  endinj^^ 
which  have  crossed  the  Ganges  at  Hardwar.  After  a  short  course  this  fault  rrms 
into  the  main  fault  2  miles  east  of  Jamnia  Bagh. 

70.  Between  the  Ghmges  and  Ravi  rivers  the  principal  faults  traversing  the 
Siwalik  rocks  shown  in  Mr.  Medlicott's  map  of  the  district,  or  indicated  in  his 
Report  (Mem.,  Vol.  Ill,  part  2),  are— 

I. — The  Oanges  fault. 
II.— The  Jumna  fault. 
III.— The  Dehra  'dun' fault. 
IV.— The  Bil&spnr  fault, 
v.- The  Gambar  fault. 
VI.— The  Deibreh  fault. 
VII.— The  Koseri  fault. 
VIII.-The  Babhor  fault. 
IX.— The  Bhfmgoda  fault. 

I-II. — The  Ganges  and  Jumna  faults. 

71.  These  two  faults,  as  well  as  the  '  Laldhdng,'  are  all  cross-faults,  and  each 
is  the  co-efficicDt  of  the  other,  inclosing  between  them  the  Siwalik  strata  of  the 
hills  south  of  Dehra  and  the  corresponding  extension  of  the  same  beds  east  of 
the  Ganges.  They  are  sufficiently  described  by  Mr.  Mediicott,  so  that  nothing 
need  be  added  here  by  me. 

III.— The  Dehra  Ddn  fault. 

72.  The  course  of  this  fault  is  so  masked  by  the  surface  deposits  of  the  Ddn 
that  its  course  can  only  be  indicated  in  general  terms.  There  is  no  reasonable 
doubt  that  the  '  main'  or  boundary  fault  which  crosses  the  Ganges  from  the  east, 
below  Gauri  ghat,  holds  on  strongly  up  the  *  Dun'  and  south  of  Dehra.  Some- 
where, however,  about  Ndgsidh  station,  6  miles  south  by  east  from  Dehra,  it  is 
probable,  that  whilst  the  main  fault  holds  straight  on,  it  is  joined  by  a  cross-fault 
from  east  of  Rajpur.  which  there  constitutes  the  boundary  fault  between  the 
hill-rocks  and  Siwaliks.  The  Dehra  fault  in  all  probability  holds  on  past  KazC- 
pur  and  up  the  Giri  river,  till  it  unites  with  the  great  fault  mapped  by  Mr. 
Mediicott  for  35  miles  along  the  Giri  river.  This  connection  of  the  Dehra 
fault  with  that  on  the  Giri,  and  of  this  latter  with  the  Beldspur  faulty  is  of 
course  conjectural,  but  is  supported  by  the  fact  of  the  hitherto  faulted  contact 
of  the  tertiary  and  hill-rocks,  here  giving  place  to  a  natural  junction  by  over- 
lap of  younger  tcrtiaries  on  to  older  rock  of  the  same  general  age,  a  result 
brought  about  by  the  fault  holding  on  straight,  whereas  the  hill-rocks  here  (mid- 
way between  Dehra  and  Ndhan)  bulge  outwards,  and  are  therefore  themselves 
cut  and  thrown  for  some  60  miles  by  the  fault  in  place  of  the  tertiaries  whose 
boundary  is  here  deflected  beyond  its  course. 

73.  This  is  the  area  where  the  much  vexed  *  Ndhan'  unconformity  occurs,  re- 
garded by  Mr.  Mediicott  as  an  unconformity  of  upper  Siwaliks  on  to  lower  (see 
Manual,  p.524),  but  by  myself  as  an  overlap  of  upper  Siwaliks  on  to  middle  or  upper 
Sirmur  beds,  a  view,  I  am  happy  to  say,  I  am  countenanced  in  by  Mr.  Medlicott's 
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co-editor  of  that  work,  Mr.  Blanford  (see  Manaal,  Introduction,  p.  xvii),  who 
brackets  them  with  the  *  Sirmnrs.*'  North-west  of  Subathn  this  fault  is  not  in- 
dicated on  the  map,  but  it  probably  continues  through  the  hills  and  strikes  into 
the  strong  Bilaspur  fault. 

IV.— The  BilAspur  fault. 

74.  This  fault  is  the  boundary  fault  of  the  Siwalik  group  and  the  '  Sirmurs,' 
and  has  been  mapped  by  Mr.  Medlicott  for  40  miles  to  west  of  Mandi.  Its 
farther  extension  is  not  indicatt^d  on  the  map ;  but  I  have  no  hesitation  in  con- 
tinuing it  past  Burw&ni  and  under  Bakloh  to  the  Ravi,  along  the  boundary 
of  the  Sirmur  and  Siwalik  groups ;  and  I  think  it  most  probable  that  most  of 
the  rocks  lying  north  and  east  of  Jysingpur,  coloured  in  Mr.  Medlicott's  map  as 

*  Sivalik,'  are  really  *  Sirmurs.*  The  ground,  however,  is  unfavourable  for 
observation. 

V. — The  Grambar  fault. 

75.  This,  one  of  the  most  important  faults  in  the  area,  is  shown  to  commence 
(in  the  map)  10  miles  north-west  of  Elasauli,  whence  it  runs,  without  a  check 
to  the  B^vi  below  Basauli,  some  120  miles.  It  may,  however,  with  certainty  be 
extended  to  the  south-east  some  miles  beyond  Kasauli  (running  north  of  the 
d&k  bungalow),  and  in  all  probability  holds  on  in  the  same  direction  till  lost  in 
the  troubled  ground  north-west  of  Nahan.  In  that  quarter  it  not  improbably 
holds  on  (undetected)  and  runs  into  the  line  of  the  Bhimgoda  fault,  indicated 
on  the  map  by  a  dotted  line  past  Kolar  and  Fyzabad.  Locally,  of  course,  even  a 
main  &ult  may  die  out  and  re-appear  on  the  same  Hue  ;  hence,  probably,  the  diffi- 

♦  culty  in  some  cases  of  tracing  these  features  continuously.  If  it  were  necessary 
to  prove  the  variability  which  the  same  fault  displays  as  regards  the  amount 
of  its  'throw'  at  different  spots,  whereby  a  fault  having  normally  a  pro- 
digious 'throw'  may  in  parts  of  its  course  become  obsolete  and  so  avoid 
recognition,  I  might  instance  the  curious  case  of  the  Deihreh  fault,  which  near 
Nurpur,  actually  reverses  its  'throw'  at  Hurul,  north-west  of  which  spot  its 

*  throw '  on  one  side  is  precisely  the  reverse  of  what  it  is  on  the  same  side  of 
the  f&vlt  to  the  south-east.  The  neutral  point  of  '  no  throw '  is  where  the  fault 
crosses  the  Chuki  stream  at  Hurul. 

VI.— The  Deihreh  fault. 

76.  This  fault,  which  presents  the  above  curious  instance  of  a  '  reversal  of 
throw,'  commences  (on  Mr.  Mediicott's  map)  at  the  Sutlej  and  runs  without  a 
break  to  the  RAvi.  To  the  south-east  it  probably  is  lost  by  joining  some  other 
fault  in  the  hills  north  of  N&lagarh,  and,  although  only  marked  as  a  dotted  line 
north-west  of  Deihreh,  there  is  no  question  of  its  continuance  to  the  Bavi. 

VII.— The  Koseri  fault,  and  VIII.— The  Babhor  fault. 
77.  These  two  faults  do  not  need  special  description.     They  are  not  traceable 
east  of  the  Sutlej  nor  west  of  the  Bdvi. 

>  ThiB  IB  quite  too  positive  an  assertion  :  Mr.  Blanford  has  never  been  near  the  gronnd ;  and 
tbe '  bracketing*  is  only  part  of  the  compromise*  explained  with  reference  to  the  Marree  horizon 
wtes  pp.  68,  7&,  103.— H.  B.  M. 
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IX.— The  Bhlmgoda  fault. 

78.  This  is  a  short  fault  at  the  east  end  of  the  Siwalik  hills,  south  of  the 
Dehra  *  dun/  It  has  been  fnUy  described  by  Mr.  Medlicott  (p.  123  of  his  memoir) 
as  haying  a  throw  of  "many  thousand  feet,"  which  by  turning  bnck  to  page  118 
{I.  c.)  we  find  to  mean  15,000  at  least,  but  there  seems  a  slight  obscurity  as  to 
what  were  Mr.  Medlicott's  views  on  the  matter,  as  the  geneml  torn  of  his  argu- 
ment  elsewhere  seems  directed  against  any  *  cross  faults,'  which  question  I  shall 
consider  presently. 

79.  The  above  faults  are  not  by  any  means  all  that  traverse  the  Siwalik  area, 
but  merely  the  principal  ones  marked  or  otherwise  indicated  on  Mr.  Medlicott's 
map. 

80.  Between  the  Bivi  and  Jhelum,  there  would  seem  to  be  a  tendency  in  the 
faults  to  become  less  marked ;  and  on  the  map  of  that  country  by  Messrs.  Medlicott 
and  Lydekker,  this  feature  of  the  ground  is  not  shown  as  iuch.  That  the  same 
boundary  faults  do  not  finally  end  between  the  B&vi  and  Jhelum  is  certain,  from 
the  enormous  fault  under  the  Chita  Pah&r  range,  towards  the  Indus,  between 
the  Khirthar  limestone  and  the  Siwaliks,  and  the  slight  notice  of  this  feature 
in  the  map  above  referred  to  (Becords,  Geological  Surrey,  Vol.  IX,  p.  154), 
may  be  due  to  diversity  of  opinion  between  its  joint  authors,  or  to  other  causes. 
Mr.  Medlicott's  unconcealed  hesitation  to  accept  the  explanation  of  *  faulted 
boundaries  '  in  favour  of  'folded  ones '  is  well  known,  whilst  the  passage  I  here 
quote  (p.  155,  I.  c.)  seems  almost  a  protest  by  Mr.  Lydekker  against  this  parti, 
cular  view  of  his  colleague.  "  Along  the  inmost  boundary  of  the  Sirmur  group, 
there  is  a  sudden  break  between  these  rocks  and  the  inner  metemorphic  series. 
The  general  dip  of  the  former  towards  the  latter  group  seems  to  show  that  this 
junction,  as  it  now  exists,  is  faulted.  I  have  never  seen  any  instance  wheiB  I 
could  distinctly  assert  that  the  red  rocks  had  heen  deposited  uneonformahly  againd 
the  base  of  a  cliff  of  rnetafr.orpMcSf  and  although  I  have  not  found  any  traces  of 
the  former  overlying  the  latter  beyond  the  faulty  I  cannot  help  thinking  that  such 
an  extension  wiist  originally  have  been  the  case  to  a  certain  extent,  and  that  the 
present  relationship  of  the  two  has  been  brought  about  by  subsequent  up  or  down 
ihrvst$:*' 

^  What  may  be  meant  by  a  '  folded  boundary'  is  not  clear ;  but  it  is  hard  to  be  accused  of  a 
prejudice  against  boundary  fanlts  immediately  after  the  description  of  nine  great  faults  (which 
are  also  boundaries),  eight  of  which  are  quoted  from  me,  and  the  odd  one  (No.  Ill)  rests,  within 
my  area,  only  upon  a  case  of  "  no  reasonable  doubt"  The  imputation  rests  upon  the  fact  that 
in  one  case  I  was  able  to  prove  that  such  an  apparent  fault  was  not  one;  and  as  in  this  case  most 
of  the  concomitant  features  exactly  resembled  those  connected  with  faulting,  I  got  a  practical 
lesson  in  caution  as  to  what  might  or  might  not  be  faulting,  and  I  indicated  some  features  of  the 
'  main  boundary'  corresponding  with  some  of  the  exceptional  features  of  my  special  case^  suggest- 
ing the  possibility  that  it  too  might  not  be  primarily  due  to  faulting,  as  was  presumably  the  case 
in  those  features  which  I  had  mapped  as  faults.  1  am  satisfied  that  Mr.  Lydekker  understood 
my  objection,  and  applied  it  reasonably,  though  perhaps  not  conclusively,  and  that  he  would 
disown  the  "  disclaimer  of  any  acceptance  of  the  view"  I  suggested  for  consideration.  There 
was  no  diversity  of  opinion  as  to  the  sections  in  the  Jamu  hills ;  our  work  there  was  too  rapid 
and  discontinuous  to  permit  of  mapping  such  definite  features  as  lines  of  fault.  Some  of  these  are 
mentioned  in  the  '  Manual,*  pp.  567-68. ->  H.  B.  M. 


PART  1.]     Theobald — The  Sitoalik  Group  of  ike  Siib-Himalayan  region,         99 

81.  This  is  a  clear  disclaimer  of  any  acoeptanoe  of  the  view  so  persistently 
urged  by  Mr.  Medlicott  of  the  generally  regarded  faults  being  boundaries  of 
deposition  modified  by  folding ;  and  with  Mr.  Lydekker's  views,  as  opposed  to  Mr. 
Medlicott's,  I  thoroughly  agree  ;  and  I  may  here  offer  a  few  remarks  on  the  '  main 
fapundaij/*  towards  the  east  end  of  the  Dehra  '  diin/  and  give  my  reasons  for 
dissenting  from  Mr.  Medlicott's  view,  expressed  at  page  97  of  his  memoir  (Memoirs, 
Geological  Survey,  Tol.  Ill,  part  2),  that  '*  the  sharp  irregularities  in  the  main 
boundary,^  such  as  that  just  east  of  Bdjpur,  and  again  that  east  of  the  Granges, 
are  not  due  to  cross  faults." 

82.  I  must  first  of  all  eliminate  from  consideration  the  second  instance  of  irre- 
gularity east  of  the  Ganges,  as  the  feature  has  no  existence  quoad  any  cross  fault- 
ing of  the  SiwcUik  boundary.     By  referring  to  the  map  which  accompanies  Mr. 
Medlicott's  memoir,  it  will  be  seen  that  a  narrow  strip  of  '  Ndhan '  sandstone  is 
seen  stretching  down  from  Bikhikhes  along  the  hills  east  of  the  Gtmges,  and  con- 
nected with  the  Siwalik  sandstones  ('Ndhan')  opposite  Hard  w£r.     At  page  116 
these  Bikhikhes  beds  are  thus  alluded  to :— ''  At  Bikhikhes  the  sandstone  beds  are 
vertical,  with  a  northerly  strike.     In  a  line  nearly  due  south  of  this,  at  the  opening 
of  the  Mitiw&li  sote  (torrent),  the  same  rocks  are  in  contact  with  the  Siwalik 
conglomerates,  and  both  are  vertical,  with  a  strike  to  north  by  east ;  up  the  sote, 
however,  after  a  space  of  uncertainty,  the  dip  becomes  steady  to  north-east,  the 
strike  thus  conforming  to  the  new  direction  of  the  boundary."     Now,  the  fe/Ct 
is,  there  is  no  iuck  contimuma  drip  of  sandstone  from  Hikhikhes  south  of  any 
description,  and  although  the  ground  is  much  masked  by  detritus,  I  at  three 
BpotB  ascertained  that  the  metamorphic  rocks  abutted  on  the  plains.     One  spot 
was  on  the  road  to  Ganda  Bairi,  3  miles  south  of  Bikhikhes ;  another,  in  a 
stream  a  mile  further  south ;  and  the  third,  in  the  Eheng  nadi,  which  gives  a  clear 
section  of  the  ground.     In  not  one  of  these  three  spots  was  any  sandstone  dis- 
played outside  the  metamorphic  area.     Two  miles  south  of  the  Bheng  nadi,  the 
main  boundary  fault  runs  straight  to  the  Ganges  skirting  Jamnia  Bdgh,  the 
SiwaHk  beds  now  coming  in  abruptly.     The  '  step  back,'  therefore,  of  the  meta- 
morphic rocks,  for  anything  that  appears  to  the  contrary,  from  Jamnia  High  to 
Bikhikhes,  may  be  simply  a  denuded  bay ;  but  I  think  it  has  a  probable  relation  to 
the  cross-fault  previously  described  as  seen  at  Hurdwdr.    To  return  now  to  the 
Bikhikhes  beds.     What  are  they  P  The  only  thing  that  seems  certain  about  then, 
is,  that  they  are  not  Siwaliks  ('Ndhan*)  as  Mr.  Medlicott  supposes.     In  the^r^f 
place,  they  are  like  no  Siwalik  sandstones  I  know  ;  but  are  not  very  unlike  some 
sandstones,  in  a  precisely  aimilar  eituation  as  regards  proximity  to  the  metamorphic 
rodce,  near  Mandi,  which  I   have  long  considered  as  of  Sirmur  age.     Secondly, 
whilst  more  than  9  miles  from  the  '  Siwaliks'  at  Janmia  Bdgh,  they  are  only  a 
third  of  that  distance  from  a  small  area  of  Sirmur  rocks  shown  on  the  map  to 
the  east.     Thirdly^  they  are  on  the  lorong  aide  of  the  great  boundary  fault,  and 
that  to  me  is  conclusive — no  instance  being  known  to  me  of  any  Siwalik  rocks 
being  found  on  the  inner  or  upthrow  side  of  this  great  structural  feature.     This 
(boundary)  fault  then  crosses  the  Ganges  below  Gauri  gh&t  with  all  the  appear- 

I  The  maia  boundarj  is  that  of  the  '  hill  rocks    and  '  Siwaliks/  sa^e  in   a  few  places  where 
otherwise  specified. 
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ance  of  holding  straight  up  the  *  Dtin*  a  little  south  of  Dehra  probably.  I  cer- 
tainly BO  far  agree  with  Mr.  Medlicott  that  I  do  not  think  this  fault  is  itself  deflected, 
and  gives  rise  to  the  zigzag  boundary  of  the  hills  between  Bdjpur  and  the  Ghmges, 
but  it  is  by  no  means  easy  to  say  whether  their  outline  here  is  or  is  not  the  result 
of  cross-faults  and  *  subsidiary*  ones  parallel  to  the  main  one  holding  up  the 
centre  of  the  *  dun*.* 

83.  Mr.  Medlicott*s  argument  against  cross-faulting  seems  to  me  singularly 
inconclusive.  Speaking  of  the  step-like  outline  of  the  hills  between  Bijpur 
and  the  Ganges,  Mr.  Medlicott  says,  page  115  Ic)  : — "  I  have  already  appealed 

*  It  18  very  anpleasant  having  to  deal  with  such  dogmatic  ntterancet  as  Mr.  Theobald  indulges 
in,  making  it  bo  difficult  to  avoid  debasing  discussion  into  mere  contradictions.  Of  the  "Siwalik 
bonndary"  so  summarily  treated  in  the  first  sentence  of  paragraph  82,  I  have  no  cognizance.  A 
the  point  in  question,  it  belongs  to  the  hypothetical  '  Dehra-dun  fault'  described  in  paragraph  72, 
as  a  supposed  continuation  of  the  *  main  boundary'  east  of  the  Ganges,  where  it  is  described  by 
Mr.  Theobald  as  the  '  Gauri  g]i4t  fault'  (paragraph  65) ;  but  in  neither  field-map  nor  report  is  there 
a  single  observation  recordc  d  in  evidence  of  the  existence  of  such  a  fault  at  or  west  of  the  Ganges. 
I  am  by  no  means  prepared  to  deny  its  existence  there,  but  it  makes  nonsense  of  our  work  to  in- 
troduce  such  a  conjecture  as  a  turning  point  in  an  argument  on  an  important  question  at  issue. 
Verbally  Mr.  Theobald  would  be  correct  in  saying  that  the  strip  of  sandstones  at  the  base  of  the 
hills  south  of  Kikhikhes  is  not  continuoufi,  had  he  added  ' at  the  surface;'  but  geological  maps 
would  be  unintelligible  were  we  only  to  map  outcrops,  and  the  assertion,  as  intended  to  be  under- 
stood absolutely,  is  extremely  rash.  In  this,  almost  only,  instance,  some  evidence  is  afforded  for 
the  ai^seftions  made,  and  I  am  able  to  prove  that  the  observation  is  erroneous.  Of  the  three  sections 
mentioned,  thnt  of  the  Bheng  is  the  only  important  one,  as  being  the  most  southerly  and  westerly, 
the  other  two  being  within  my  inner  boundary ;  of  this  Bhenfl:  section  I  give  here  a  fierhatim  ex- 
tract from  my  field  book  of  that  date  (6th  of  March  1860) ;  it  is  independently  interesting  as  a 
re  ord  of  the  only  authenticated  case  (as  yet)  of  fossils  being  found  in  the  Lower  Himalayan 
rocks,  as  noticed  at  page  69  of  my  memoir  (/.c.,)  where  the  stream  is  mentioned  as  the  Tdl,  the  name 
of  one  of  its  affluents.  "  Went  up  the  gorge  of  the  T^l  through  the  first  ridge  to  where  the  valley 
divides.  Here  a  strong  bed  of  hard  sandy  limestone,  obscurely  foesiliferous,  dips  high  to  East  35^ 
North.  In  the  river  here  and  all  through  the  gorge  great  blocks  of  the  ferruginous  rock  occur. 
1  his  limestone  is  associated  with  clear  pale  red  grits  and  thin  earthy  schists,  also  grey  schists, 
sometimes  the  red  is  variegated  like  the  middle  Krol  type.  These  are  surrounded  by  the  dark  glossy 
shaly  schists  and  ferruginous  sandstones,  with  copious  alum  efflorescence,  crushed.  Below  this  again 
the  red  and  gr^y  schists  are  repeated,  and  also  the  thick  limestone,  with  somewhat  more  distinct  fossils 
and  dipping  to  west-south-west,  suggesting  an  anticlinal.  Further  down,  at  crossing  of  road, 
the  efflorescing  shales  appear  again,  and  then  pass  down  into  the  black  crushed  fault-rock,  with 
jmassive  and  broken  beds  of  whitish  and  green  quartzite.  Below  about  100  yards  of  this,  there  ia 
ust  a  remnant  of  the  outer  junction  rocka,  the  light-grey  Siwalik  tandstone,  and  bright  red  elojf  : 
a  quarter  mile  below  this,  in  the  bank  of  angular  gravel,  is  a  bed-like  mass  of  hard  quartzite 
sandstone ;  it  can  hardly  be  in  situ.  The  terraces  between  the  hills  and  the  river  are  of  this  super- 
ficial boolder  gravel." 

Uegarding  the  identity  of  this  sandstone,  I  can  only  re-affirm  the  statement  which  Mr.  Theobald 
declares  to  be  certainly  wrong,  that  it  belongs  to  the  Ndhan  band  of  my  classification.  The 
second  clause  of  the  argument  admits  of  more  satisfactory  treatment :  had  Mr.  Theobald  visited  the 
small  outlier  on  the  ridge  at  Bhuwan  ('  Bone'  of  my  small  map),  or  intelligently  considered  my 
description  of  it  (I.  c,  p.  88),  he  would  hardly  have  suggested  any  connection  between  it  and  the 
Bikhikhes  sandstone.  The  Bhuwan  beds  are  lowest  Subdthu  clays  and  earthy  limestone,  isolated 
on  the  slates  on  the  crest  of  the  ridge,  quite  2,000  feet  above  the  sandstone  at  Kikhikhes.  Mr. 
Theobald's  third  point,  which  he  considers  '  conclusive/  rests  again  upon  his  imaginary  '  Dhera-duu 
fault.'— H.  B.  M. 
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to  ibis  fact  as  almost  precluding  the  supposition  of  this  boundary  being  one  con- 
tinuous fault  of  enormous  throw ;  but  there  is  a  supplementary  supposition  by  which 
that  view  might  still  be  maintained,  the  sharp  step-like  form  of  these  irregularities 
suggests  the  existence  of  cross-faults.  We  do  not,  however,  find  a  single  fact  of 
detail  to  corroborate  such  a  view.  In  that  marked  example  of  the  Kalunga  ridge 
east  of  B^jpur  and  Dehra^  the  boundary  runs  directly  for  5  miles  to  north  by 
east  at  right  angles  to  the  direction  of  the  Masuri  ridge  at  about  its  middle,  the 
angle  of  the  boundary  being  only  4  miles  distant  from  the  crest ;  yet  on  that 
ridge  we  find  not  a  trace  of  such  a  transverse  hredk*^  To  this  argument,  I  simply 
ask,  **  why  should  we  ?*'  These  *  cross  faults,'  supposing  they  exist,  are  avowedly 
subsidiary  te  the  main  feature  of  the  boundary  fault,  and  quite  as  likely  as  not 
limited  to  its  neighbourhood ;  and  there  is  no  prima  facie  ground  that  I  can  see  for 
assuming  that  a  cross-fault  of  this  character  should  or  would  leave  its  impression 
or  traverse  such  a  range  as  the  Masuri  ridge.  Mr.  Medlicott  goes  on  to  say :  *'  It  is 
fortunate  this  example  exists,  for  one  might  be  tempted  in  the  greater  case  just  ea^st  of 
the  Ganges,  to  take  as  evidence  of  this  kind  the  distinct  termination  of  the  Masuri  range 
ahout  this  meridian^'*  To  this  I  say,  "And  why  not"  ?  Because  a  cross-fault  at 
Rajpur  has  left  no  trace  of  its  existence  either  south  of  the  great  boundary  fault 
in  the  hills  south  of  Dehra  or  any  mark  of  its  course  in  the  Masuri  range  to  the 
north,  and  is  not  improbably  therefore  possessed  of  a  limited  throw  and  short 
course,  why  are  we  to  assume  therefore  that  such  a  fault  as  the  Ganges  fault  at 
Hard  war,  with  a  *  throw*  calculable  by  many  thousand  feet,  should  equally  leave 
no  trace  of  its  presence  in  the  mountain  region,  its  effect  at  Hardwar  being 
undeniable  ?  Such  a  fault  as  this  might  fairly  be  supposed  capable  of  crossing 
the  *  boundary'  or  *  Grauri  gh&t'  fault,  when  a  smaller  one,  such  as  might  produce 
the  local  feature  of  the  boundary  east  of  Rajpur,  could  not  do  so.  The  evidence, 
therefore,  adduced  in  disproof  of  cross-faults  is  quite  as  much  in  their  favour  as 
against  them.  The  probabilities,  therefore,  seem  to  me  in  favour  of  this  explanation 
of  the  irregularity  of  the  boundary  of  the  eastern  *  dun,'  for  I  quite  hold  with 
Mr.  Medlicott  that  this  boundary  is  not  coincident  with  the  *  main  fault,'* 
which  I  have  described  as  holding  probably  straight  up  the  *  dun,'  where,  of  course, 
it  is  masked  by  surface  deposits. 

84.  The  question,  however,  of  how  far  the  extinction  of  the  Masuri  range  at 

the  Ganges  may  be  due  to  such  a  cross-fault,  as  the  '  Ganges '  fault  can  only 

really  be  decided  by  an  examination  of  the  ground  with  that  special  object  in 

view,   and  this  has  not  been  undertaken.     There  is,  however,  one  indication  which 

fcrours  the    connection  of    a  cross-fault  with  the   structural    features  of    the 

mountains  at  the  point  where  the  Ganges  enters  the  *  dun.'     If  the  Ganges  fault 

exercised  any  determining  influence  on  the  extinction  of  the  Masuri  range,  it  can 

only  have  been  by  effecting  a  *  downthrow  '  of  the  hills  on  the  opposite  or  east 

bank  of  the   Ganges.     Now,  the  presence  of  the  Rikhikhes  sandstones  and  the 

Sinnur  outlier  east  of  them  is,  in  my  opinion,  an  indication,  if  not  actual  proof, 

of  such  a  movement-— the  *  downthrow '  in  question  being  the  cause  of  these 

temnants  being  preserved  intact  when  all  trace  of  the  group  to  the  eastward 

has  disappeared.     The  operation  of  the  fault  in  this  respect  may  be  very  local 

and   mainly  effective  in  the  Ganges  gorge  itaelf ;  but  the  presence  of  this  small 
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Sirmur  outlier  just  east  of  the  Ganges  is  to  me  yery  significant  of  a  conneetion 
with  the  huge  Ganges  cross-fault  so  ably  described  by  Mr.  Medlicott  at 
Hardwdr.' 

85.  There  is  no  doubt  that  this  disinclination  on  Mr.  Medlicott*8  part  to  the 
idea  of  cross-faults  in  the  above  case  is  but  the  result  of  that  general  distrost 
of  '  faults '  of  any  sort,  and  the  preference  for  '  folding^ '  of  the  beds  along  an 
original  line  of  deposition,  rather  than  '  Smiting,'  which  seem  to  have  resulted 
from  his  study  of  the  Mdrkanda  section,  and  ever  since  has  influenced  Mr. 
Medlioott's  views.  These  views  are  ably  set  forth  in  his  memoir  (p.  109),  but 
they  have  failed  to  convince  either  Mr.  Lydekker  or  myself,  who  are  both  fami- 
liar with  the  same  ground.' 

86.  That  I  may  not  be  considered  of  over-exaggeration  of  the  particular 
bias  against '  faults '  which  I  here  attribute  to  my  colleague,  it  will  suffice,  I  think, 
to  say  that  in  his  paper  on  the  Sub-Himalayan  series  in  Jamu  (Records, 
Geological  Survey,  Vol.  IX,  p.  49),  Mr.  Medlicott  has  successfully  contrived  to 
omit  using  the  word  ^ fault '  throughout,  though  the  ground  treated  of  is  that 
into  which  the  great  faults  of  the  Simla  and  K&ngra  districts  run. 

87.  One  passage  in  the  above  paper  I  cannot  pass  without  comment.  At  page 
56  (Z.  c),  speaking  of  Mr.  Wynne's  describing  his  Siwalik  sandstones  in  Kohat 
and  the  Salt  Range  as  '  N^hans,'  whilst  Mr.  Blanford  lumps  both  '  Ndhans '  uid 
Siwaliks  together,  in  his  Manchar  group,  Mr.  Medlicott  thus  alludes  to  myself : — 
''It  is  but  right  to  explain  that  these  opposite  mistakes  are  largely  due  to  some 
unpublished  work  of  Mr.  Theobald's  in  1873-74,  who,  starting  from  the  Sutlej, 
somewhat  arbitrarily  restricted  the  Siwalik  group  to  the  outermost  range  of 
hills,  and  mapped  all  the  rest  as  Ndhans  up  to  the  trans-Jhelum  country, 
though  finding  in  them  fossils  of  the  Fauna  Antiqua  Sivalensis — the  object  set 
before  him  being  to  work  out  the  presumed  distinction  of  the  Nahan  and  Siwalik 
faunas.*' 

88.  Now,  any  one  by  consulting  the  Manual  of  Geology  can  see  that  the 
N£han  group  is  unfossiliferous  (Introduction,  p.  xv),  so  the  object  *'  set  before 
me,"  the  elucidation  of  its  fauna^  was  naturally  unaccomplished,  and  as  for  the 
'  arbitrary '  restriction  I  am  accused  of  devising,  a  glance  at  Mr.  Medlicott's 
own  map  (Memoirs,  Vol.  Ill)  will  show  that  the  arbitrary  division  I  was  en- 
deavouring to  work  was  my  critic's  own  devising!  Certainly  I  tried  to  cany 
out  the   separation   previously  established,  promulgated,  and   mapped   by  Mr. 

■  In  the  said  '  able*  deecription  I  gave  reoaons  for  oonaidering  the  Uardw&r  croaa-faalt  to 
be  a  southern  break  off  of  the  Bhfngoda  longitodinal  fault ;  the  beds  to  the  east  of  the  river  being 
apparently  in  complete  correspondence  with  those  to  north  of  the  fault  on  the  west.  In  connect- 
ing the  Hardw^  fault  with  his  imaginary  great  fault  up  the  gorge  of  the  Ganges  at  Kikhikhes, 
Mr.  Theobald  has  forgotten  to  explain  its  having  no  effect  whatever  on  his  favourite  Dehra-dun 
faulty  which  he  describes  as  directly  continuous  with  his  '  Gauri  ghAt  fault.'  It  would  be  easy 
to  suppose  it  the  younger  of  the  two ;  but  then  the  Bhfngoda-Hardw^  fault  is  of  very  v^cent 
date,  as  it  affects  the  newest  Siwalik  strata.  Many  other  anomalies  might  be  noticed  in 
Mr.  Theobald's  presentation  of  the  cross-fault  question,  were  there  any  sense  in  discussing  gcmlogy 
inntU>ilms,—  H.B.V, 

*  Mr.  Lydekker  has  never  seen  the  ground  in  question. — H.  B.  M. 
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Medlicott,  and  my  failure  to  do  so  was  (as  I  hold)  ineyitable  and  inherent  in 
the  problem  I  had  undertaken  to  solve.*  The  *  Ndhan  '  htghlander  was,  in  fact, 
found  to  be  not  possessed  of  the  fannal  *  hreeJcs  *  which  I  waa  specially  commis- 
sioned to  depriye  him  of !  As  for  impnting  to  me  as  a  cnlpable  error  my  mapping 
as  *  N^hans'  (before  I  was  led  to  abandon  the  gronp  as  untenable)  beds  con- 
taining fossils  of  the  Fauna  Antiqua  Sivalensis  as  Mr.  Medlicott  phrases  it,  the 
imputation  is  flimsy  in  the  extreme.  If  the  Nahans  were  '  Siwaliks'  as  Mr. 
Medlicott  contends,  they  might  not  unjustly  be  supposed  to  contain  fossils  of 
the  Fauna  Antiqua  Siyalensis.  But  the  ^Markanda'  unconformity  has  been 
discnssed  '  ad  nauseam,^  Mr.  Medlicott  goes  on  to  add :  "  Whatever  value  may  bo 
ultimately  assigned  to  the  unconformity  which  originally  suggested  the  separation 
of  the  Ndhan  group  in  the  cis-Sutlej  region,  the  distinction  of  the  zone  as  a 
comparatively  barren  formation  at  the  base  of  the  great  mammaliferous  Siwalik 
deposits  will  hold  good  et>en  if  the  fossils,  whenever  discovered,  should  make 
it  desirable  to  designate  the  group  as  lower  Siwalik*'  Now,  this  is  not  very  clear 
to  me,  as  the  great '  crux '  of  these  newer  tertiaries  is  the  great  '  Ndhan '  uncon- 
formity in  the  Siwalik  group,  the  '  NAhans '  being  always  regarded  as  lower 
'  Siwaliks,'  and  not  (as  I  believe  them  really  to  be)  part  of  the  older  Sirmur 
group. 

89.  It  is  true,  in  the  Manual  Mr.  Blanford  (correctly,  in  my  opinion)  brackets 
N£han  and  Kasauli  beds  (Introduction,  p.  xvii) ;  but  this  neither  is  nor  ever 
has  been  Mr.  Medlicott's  view,  and  we  consequently  find  at  page  524  of  the 
Manual  '  N£hans'  bracketed  as  lower  Siwaliks :  hence  the  difficulty  I  have  in 
onderstanding  the  above  quotation.  '  The  next  sentence,  if  more  clear,  is  equally 
erroneous  :  speaking  of  the  *  Ndhan'  group  Mr.  Medlicott  says — *'  It  has  now 
been  traced  with  fair  certainty  into  the  trans-Jhelum  countiy,  where  it  is 
represented  by  several  hundred  feet  of  sandstones  and  clays  immediately  over- 
lying the  nummulitic  limestone  on  the  east  end  of  the  Salt  Range."  This 
I  have  endeavoured  to  show  is  wholly  erroneous,  mammalian  fossils  pervading  the 
Siwalik  group  in  that  situation,  and  the  whole  facies  of  the  group,  save  locally  at 
a  few  spots  (at  Bakrala,  Ac.,)  indicating  a  middle  Siwalik  horizon  at  lowest  for 
the  contact  beds  of  the  group  reposing  on  the  nummulitic  limestone.  Mr.  Medli- 
cott goes  on  to  add  (with  regard  to  his  lower  Siwalik  or  '  Nd,han'  division),  what 
I  suppose  he  would  designate  as  a  compromise  between  his  view  of  the  Siwalik 
relationship  of  these  *  N&hans  '  at  page  524  of  the  Manual  and  Mr.  Blanford's 
arrangement  of  them  in  the  Introduction  (p.  xvii)  with  the  Sirmur  !■     The  pas- 

1  The  judgment  in  the  Manual  was  largely  the  result  of  Mr.  Theobald's  failure  in  the 
ipfcial  object  of  his  commission — to  find  fossils  in  the  Kihan  rocks ;  where  there  can  be  litUe 
doQbt  of  their  presence  (see  note,  p.  71).  Arbitrary  divisions  are  somefdmes  necessary :  the  glance 
St  my  wBp  will  also  show  that  the  arbitrary  division  made  by  Mr.  Theobald  was  the  precise 
iwene  of  that  adopted  by  me— a  conrse  which  the  reader  of  these  pages  will  surmise  to  have 
Wen  a  priori  probable,  although  I  am  quite  convinced  that  of  personal  animosity  there  was 
•©•^. — H.  B.  M. 

>  With  a  rabstitution  of  facts  for  persons  this  sentence  would  give  the  clue  to  all  Mr.  Theobald's 
confusion.  The  very  object  of  the  paper  quoted,  giving  the  general  result  of  a  trip  through  the 
Kingra  and  Jamu  hills,  wai^  to  exhibit  the  contrast  in  the  sequence  of  the  tertiary  series  in  the 
^mla  and  the  trans-Jhelum  regions  (250  miles  apart).    Mr.  Theobald  represents  this  fact  and  the 
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sage  mns  thus  (Records,  Vol.  IX,  p.  56) : — "  It  seems  very  do\ibiful  whetlier  U  will 
be  practicable  or  desirable  to  separate  this  band  from  possible  representatives  of  the 
upper  Sirmur  straia  in  the  vastly  greater  thickness   of  pnrple  sandstones  and 
clays  transitionally  overlying  the  Snbathn  gronp  in  the  Himalayan  region  proper 
to  the  north  of  the  Salt  Range."     It  is  impossible  to  say  after  this  which  view 
Mr.  Medlicott  elects, — whether  the  *  Ndhans  '  are  *  Siwaliks '  or  *  Sirmur,*    Mr. 
Medlicott's  '  criicial  section  '  at  Nahan  has  always  been  appealed  to  by  him  to 
prove  a  great  unconformity  in  the  Siwalik  group,  the  Ndhans  being  lou?er  Siwaliks. 
The  idea  of  the  *  Ndhans  '  being  possibly  *  Sirmurs  '  he  qnietly  dismisses  with  •} 
'^  Those  who  have  examined  the  rocks  are  least  disposed  to  adopt  this  supposi- 
tion "  (Manual),  p.  540.     Now,  as  the  Manual  is  of  later  date  {quoad  publication) 
than  the  passage  quoted  from  the  Records,  it  is  doubtful  which  may  be  Mr.  Medli- 
cott's  matured  view  ;  but  the  passage  in  the  Records  almost  looks  as  if  it  was 
written  with  a  view  to  meet  the  subsequent  divergence  of  opinion  between  the 
joint  authors  of   the  Manual  on  this  point.     Of    course,    I   fully  agree  with 
Mr.   Blanford's    view,   as   expressed  in   the    Manual,     rather  than   with  Mr. 
Medlicott ;  but  even  as  a  atmpromise  the  passage  in  the  Records  is  unsatisfactory, 
not  to  say  unintelligible.     Mr.  Medlicott's  discovery  of  a  Siwalik  unconformity 
which  no  one  else  has  ever  managed  to  re-detect  elsewhere  has  been  for  many 
a  weary  year  the  one  unnegotiable  and  insuperable  difficulty  in  the  study  of  the 
newer  tertiaries ;  it  being  an  ever-present  *  nightmare '  to  the   geologist  who 
should  endeavour  the  correlation  of  different  beds  ;  and  now  Mr.  Medlicott  would 
seem  inclined  to  heal  all  difficulties  by  foregoing  the  separation  of  these  Ndhous 
from  *  Sirmurs  '   whilst  tenaciously  maintaining  the  luckless  union  of  them  with 
*  Siwaliks  ,  rather  than  adopt  the  palpable  course  of  regarding  the  '  Nahans  '  as 
upper  *  Sirmur,'  having  no  connection  with  the  widely  unconformable  Siwaliks 
overlying  them  !     It  is  very  illustrative  of  the  extreme  difficulty  of  grasping  or 
refuting  Mr.  Medlicott*s  views,  owing  to  the  subtle  but  no  less  complete  contra- 
diction which  one  page  of  the  same  paper  displays  when   contrasted  with  some 
statement  on  another  page,  that,  only  a  few  pages  before  Mr.  Medlicott  records 
his  doubt  if  the  *  N&hans  '  can  be  separated  from  his  upper  *  Sirmurs*  (Records, 
Vol.    IX,   p.  56),   we  read  as   follows    (p.  50)  : — "  The   second   break   in  the 
eastern   section  occurs  where  the  Nahan  rocks  abut  against  the  old  slaty  rocks 
of  the  higher  mountains,  high  upon  which  there   rests   an  extensive  remnant 
of    still   older  tertiary   deposits,   including   at  their  base   the  nummulitic   beds 
of  Subdthu,   transitionally  overlaid  by  the   red   clays  and  gray  sandstones  in 
distinguishable  zones,  to   which   I  gave  the  names   Dagshai  and   Kasauli.     I 

provisional  compromise  consequent  thereon  as  a  glaring  contradiction  between  consecative  pages 
of  my  paper,  and  as  a  difference  of  opinion  between  Mr.  Blanford  and  myself,  both  of  which 
fancies  are  without  any  f onndation.  The  grievous  fact  Mr.  Theobald  does  exhibit  is  his  own 
inability  to  understand  that  two  groups  of  a  series  may  be  indistinguishable  in  one  section, 
although  each  is  folly  represented,  while  the  two  are  markedly  separated  in  a  distant  spction. 
My  conjecture  as  to  the  precise  horizon  of  the  lowest  beds  of  the  neogene  division  in  the  east  Salt 
Rang^  may  easily  have  been  erroneous,  but  that  is  a  very  immaterial  point.— H.  B.  M. 

^  Were  not  Mr.  Theobald  evidently  in  a  fog,  this  statement  could  hardly  be  a(*cepted  as 
ingenuous :  the  '  quiet  dismissal'  is  a  subsidiary  sentence  in  a  prolonged  arj^nment  (see  passage 
referred  to).—  H.  B.  M. 
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snbBeqnently  described  these  three  older  bands  as  the  Sirmur  group,  it  bcintr 
desirable  to  restrict  the  name  Snbdthu  to  the  nummnlitic  zone  proper.  Thei-o 
was  little  direct  evidence  as  to  how  far  the  bormdary  between  the  NAhan 
and  Sirmur  groups  might  also  be  an  aboriginal  unconformity,  or  altogether 
dne  to  flexure  and  faulting ;  but  the  fact  that  in  the  lowest  outcrops  of  the 
Ndhan  hand,  over  a  very  large  area,  no  symptom  could  be  detected  of  the  very 
charaetertstic  Suhdthu  zone,  nor  any  specific  representative  of  the  Kasauli  beds, 
which  in  the  contiguous  area  are  repeatedly  marked  hy  peculiar  plant-layerSj  gave 
strong  presumptive  evidence  for  the  supposition  of  aboriginal  unconformity."  • 
This  is  a  remarkable  passage  as  preparatory  to  the  declaration  half  a  dozen  pages 
farther  on  that  it  is  neither  practicable  nor  desirable  to  separate  the  *Nahans  ' 
from  the  Sirmurs!  (page  66,  L  c.) 

90.  But  it  is  more  than  this,  it  is  essentially  confusing  and  misleading.  On  the 
^apposition  which  it  argues  to  support,  that  the  'Nahans'  are  unconformable 
to  the  Sirmur  group,  why  should  we  expect  in  the  deepest  section  of  the  'NAhans  * 
to  find  *  symptoms*  of  the  "very  characteristic  Subathu  zone"  from  which  the 
*Nahans'  are  severed  by  the  entire  thickness  of  the  Dagshai  and  Kasauli 
divisions  ?  On  the  opposite  supposition  advocated  by  myself  that  the  '  Kahans  ' 
are  really  'upper  Sirmurs,'  the  only  deduction  at  not  finding  Sub&thu  beds  at 
the  base  is  that  the  section  is  not  deep  enough.  But  the  main  question  is,  which 
of  these  two  views  are  we  to  consider  Mr.  Medlicott  finally  adopted  ?  that  on  page 
50  or  that  on  page  66,  both  of  which  I  have  quoted,  and  as  greater  maturity  can 
hardly  be  conceded  to  a  statement  at  the  end  of  a  paper  than  attaches  to  a  state- 
ment on  an  earlier  page  of  the  same,  the  simple  result  is  perplexity  to  the  reader  !* 

91.  Then,  again,  it  is  simple  exaggeration  of  a  very  obscure  feature  to  say  that 
the  Kasauli  group  is  "repeatedly  marked  by  peculiar  plant-layers".  The  number 
of  *  plant-layers'  has  never  been  determined,  or  if  there  is  even  more  than  one, 
and  the  plant  localities  do  not  (to  my  knowledge)  exceed  three — two  near  Kasauli 
and  one  west  of  Dharmsdla,  so  that  to  apply  the  word  '  repeatedly*  as  it  is  applied 
by  Mr.  Medlicott,  almost  as  though  these  plant-layers  were  a  universal  feature 
of  this  group,  is,  to  say  the  least,  a  stretch  of  language  calculated  to  mislead ! 

92.  There  is  one  passage  in  the  Manual  which  I  must  here  draw  attention  to,  it 
oocnrs  at  page  642 :  "  If  this  link  should  be  confirmed,  we  should  have  to  recast  the 
view  sketched  above  regarding  the  relations  of  the  cis  and  trans- Jumna  Siwaliks, 
for  there  is  every  reason  to  suppose  that  the  massive  sandstone  of  the  Niin  is  the 
Bame  as  that  of  N^han,  with  which  it  may  be  said  to  be  continuous."  Now  if  there 
is  one  thing  more  than  another  which  is  clear  about  this  Niin  section,  it  is  that  the 
rocks  are  the  strict  homologue  of  those  in  the  hills  south  of  Dehra,  and  have  no 
connection  with  those  at  NAhan,  with  which  Mr.  Medlicott  describes  them  to  be 
continuous.  In  a  geographical  sense  they  may  be  contiguous,  but  they  are  gray 
sandstones  terminating  upwards  (their  order  on  the  ground  being  inverted)  in 
conglomerates,  the  Nahan  rocks  being  nowhere  known  to  contain  so  much  as  a 
pebble.      Another  marked   instance  of  this  confused  use  of  the  term  continuous 

«  The  italics  are  Mr.  Theobald's. 

% 

•  See  note  2.  p.  103; 
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and  its  application  in  correlating  utterly  discordant  phenomena  oocnrs  three  pagei 
preTionsly  (page  539),  where  we  are  told :  "  Within  the  N&han  area  the  junction 
of  the  Siwalik  and    Sirmur  series  corresponds  with  what  we  shall  constantly 
refer  to  as  the  main  boundary,  for  we  may  fairly  give  the  name  to  the  most  per- 
sistent and  striking  feature  of  the  whole  mountain  region  the  abrupt  junction  of  the 
slaty  or  schistose  rocks  of  the  mowUains  with  the  rocks  of  the   Sub-Himalayaa 
zone".     Now,   the  only  correspondencs  here  is  one  simply  of  direction,  and  this 
feeble  element  of  Similarity  has  led  the  writer  into  the  absurdity  of  describing 
the  faulted  boundary   of  A  and  B  as   corresponding  to  the  natural  boondaiy 
between  B  and  C  (A=  Slates,  B  Sirmur,  C  Siwaliks).     The  fact  is,  there  ia  no 
continuity  save  the  feeble  one  of  direction  or  geographical  position  between  the 
inverted  upper  Siwaliks  on  the  Nun  and  the  Nahan  beds  trana-Jumna.    Thej  are 
totally  distinct  lithologically,  and  the  continuity  is  no  doubt  physically  broken  by 
the  great  Jumna  cross-fault.    Their  lithological  characters  moreover  are  sufficient 
to  dissociate  them   (putting  any  fault  out  of  our  mind)   as  much  as  though  one 
set  of  rocks  consisted  mainly  of  chalk  and  the  other  of  cheese.' 

93.  The  allusion  (  Z.  c.  )  to  a  view  once  suggested  by  myself  regarding  the  hills 
south  of  Dehra  being  possibly  Nahans  refer  to  a  time  when  I  was  hampered  by 
the  difficulties  of  the  Ndhan  unconformity  and  before  I  rejected  the  idea  as  unten- 
al^e.  The  fact  is,  the  great  abundance  of  fossils  west  of  the  Jumna  is  a  feature 
dependant  on  local  conditions  of  the  country  during  Siwalik  times  and  the  distri- 
bution of  Siwalik  animals  during  that  period.  Fossils  are  very  rare  between  the 
Jumna  and  Ganges,  and  east  of  the  Ganges  are  wholly  wanting,  though  there  is  no 
want  of  beds  in  that  quarter  strictly  homologous  with  those  which  have  proved 
BO  rich  in  animal  remains  west  of  the  Jumna. 

94.  In  a  word,  the  Ndhan  unconformity  is  one  of  two  things  in  my  opinion. 
Either  an  overlap  of  supra  Siwalik  beds,  on  to  the  denuded  surface  of  SiwaHk  beds 
rather  low  in  the  series,  or  an  overlap  of  upper  Siwaliks  on  to  upper  or  middle 
Sirmur  beds.  I  confess  I  inclined  to  the  former  supposition,  but  as  Mr.  Medlicott, 
after  re-examining  the  spot,  has  reaffirmed  his  original  determination  of  the  upper 
beds  to  the  Siwalik  group,  Manual,  page  637,  I  have  no  option  but  to  advocate 
the  latter  explanation  of  the  section,  as  Mr.  Medlicott*s  original  view  of  a  break  in 
the  middle  of  the  Siwalik  group  of  the  magnitude  seen  at  N&han  seems  supported 
by  no  sufficient  evidence.* 

I  will  now  pass  to  a  brief  recital  of  the  lithological  characters  and  division  of 
the  Siwalik  group. 

^  The  words  '  continuous'  and  *  corresponds'  in  the  posssges  referred  to  are  used  by  me 
in  their  strictest  sense,  implying  identity.  Both  views  are  stated  impartially ;  and  Mr.  Theobald's 
contribution  to  a  solution  of  the  difficulty  amounts  to  a  simple  contradiction.  The  '  chalk  aud 
cheese'  blunder  was  independently  made  by  Mr.  Theobald  himself  (see  para.  93). — H.  B.  H. 

^  This  concluding  passage  is  a  delightful  [calm  after  the  furious  storm  raging  through  the 
preceding  paragraphs.  After  portentous  struggles  the  victim  mildly  accepts  the  position  which, 
but  a  moment  before,  bad  been  '  rejected  as  untenable.'  May  be  long  live  in  this  more  reasonable 
mood! 

To  save  the  incautious,  I  may  make  the  scarcely  necessary  remark  that  the  following  classi- 
fication of  the  Siwalik  series  is  provisional  and  individuul,  and  in  some  respects  unique. — H.  B.  M. 
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CONSPECTUS   OF   THE   GENERAL   LITHOLOGICAL    CHARACTER 

OP  THE  SIWALIK  SERIES. 

tJPFEB   SlWALIK,   OB   KhARIIn  BEDS   8,000. 

A.  Upper  Khdrtdns^ 

(a).  Red  dajs  and  gravels.    Pebbles  iron  stained  and  highly  'glazed'  witb  a 
dark  pigment.  Fossils  none. 
Hills  below  Bakloh,  K&ngra  district. 

(b).  Very  coarse  and  in  part  snb-angalar  conglomerates  in  very  thick  beds, 
stratification  obscure,  and  materials  heterogenonsly  arranged.    Fossils 
none. 
Kdngra  district 

(e).  Reddish  or  buff  clays,  stiff  and  massively  bedded.     Sands  and  gravels 
passing   up  into  coarse   conglomerates,  the  whole  undistinguishable 
from  modem  river  deposits.  Fossils  locally  numerous. 
The  Siwalik  group  passim, 

B,  Lower  Khdridns, 

(d).  Coarse  boulder  conglomerates.  Boulders  well  rounded,  and  ranging  from 
1  to  3  feet  diameter  (occasionally  a  larger  one  up  to  4  feet).  Fossils 
rare. 

Hills  south  of  Dehra,  Babh6r,  near  all  the  great  river  gorges — 
Jumna,  Chindb,  Indus. 

(e).  Gray  sandstone,  more  or  less  pebbly,  with  subordinate  beds  of  red-brown 
or  buff  clays.     Passim,     Fossils  common. 

).  Gray  greenish  sandstones  without  pebbles,  with  clays  interstratified, 
clays  usually  reddish  or  brown.    Passim,    Fossils  not  common. 

LOWBR   SlWALIE,   OR  MuBRBE   BEDS,   8,000. 

0,  Upper  Murrees, 
(g).  Gray,  brown,  greenish  or  purplish  sandstones,  with  red  or  purplish  clays. 
Pebbles  exceptional,  if  not  wholly  absent.     Passim,     Fossils  rare. 

D,  Lower  Murrees, 
(h).  Gray,  brown,  greenish  or  purplish  sandstones,  with  red  or  purplish  clays. 
Pebbles  exceptional,  if  not  wholly  absent.    Numerous  beds  of  ferru- 
ginous concretionary  clayey  sandstone,  very  tough  and  pseudo-con^^lo- 
meratic  or  snb-lateritic  in  aspect.  Passim,  Determinable  fossils,  none. 

a  and  b  are  local  and  unf ossiliferous :  c  is  local,  but  probably  from  de- 
nudation, more  than  original  restriction,  it  is  richly  f ossiliferous  at  Jabi 
near  Jand :  dis  oi  universal  distribution ;  it  is  sparingly  fossiliferous, 
from  the  constitution  and  conditions  of  deposition  :  e  is  of  universal 
distribution,  and  has  furnished  the  bulk  of  the  Siwalik  fossils  :  f  is 
simply  the  basal  continuation  of  e ;  fossils  in  it  are  scarce. 
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^.— These  are  the  baaal  beds  of  the  Siwalik  gronp,  west  of  the  Jhelnm, 
unless  a  few  lower  beds  may  be  included  north  of  the  Potwdr. 
Fossils  throughout,  but  not  common. 

^. — These  are  the  basal  or  lowest  Siwaliks  anywhere,  and  no  detenninable 
fossils  have  hitherto  been  detected  in  them.    The  lower  Siwaliks,  g  and 
h^  are  distinguished  from  the  upper  by  the  deeper  colour  of  their  beds 
and  by  their  greater  induration  ;  but  this  change  is  gradual  through- 
out the  entire  group,  and  reaches  throughout  the  whole  tertiary  series. 
To  quote  Mr.  Medlicott,  speaking  of  rocks  younger  than  the  Sub&thu 
(Memoirs,  Vol.  Ill,  Part  2,  p.  13)  :— "  The  rest  of  the  sub-Himalayan 
rocks  might,  from  some  general  considerations,  be  regarded  as  one  group. 
Although  the  accumulated  thickness  would  be  enormous,  there  is 
much     greater  sameness  of  composition    throughout  than   I  have 
described  in  the  Subdthu  group.     The  structural  character  and  com- 
position of  the  Siwalik  rocks,  already  so  well  marked  in  the  Dagshai 
and  KasauU  heds^  continued  wOhoub  exception  through  all  the  succeeding 
deposits.** 
There  is,  of  course,  a  certain  amount  of  qualification  to  be  made  as  regards 
the  coarse  beds  in  which,  the  Siwalik  group  terminates  above;  but,  with  this 
exception,  the  uniformity  of  facies  throughout  so  enormous  a  thickness  is  very 
striking,  and  the  gradual  and  insensible  manner  in  which  the  change  in  mineral 
character  is  brought  about.     The  entire  group  displays  red  clays  ;  these  in  the 
upper  portion  (A)  being  also  associated  with  brown  and  huffish  clays,  and  in  the 
lower  portion  (B)   with  purplish,  besides  themselves  assuming  a  darker  hue. 
The  Upper  Khdridns  (A)  are  characterised  by  very  coarse,  heterogenous  conglo- 
merates  (a).     These  give  place  below  to  the  normal  boulder  conglomerates  (d) 
of  the  Lower  Khdridns  (B).     These  beds  (d)  in  their  turn  pass  down  into  the  uni- 
versal *  grays '  (a),  and  they  by  an  even  more  insensible  gradation  into  the  finer 
and  non-conglomeratic  beds  (/).     In  none  of  these  beds  can  induration  be  said 
to  be  a  marked  character,  as  the  result  of  compression,  though  some  bands  of 
the  *  grays '  are  intensely  hard  from  chemical  infiltration,  and  such  beds  are 
sought  for  the  manufacture  of  millstones  in  consequence  ;   but  in  the  Murree 
beds  (C)  a  certain  amount  of  induration  is  developed,  and  this  increases  still  more 
in  the  lower  portion  of  the  group  D,  though  perhaps  this  feature  depends  on 
local  circumstances.     For  example,  on  the  flanks  of  Diljaba  range,  the  basal 
beds  have  locally  much  of  the  harsh  aspect  often  seen  in  lower  '  Murrees '  (k)  ; 
but  it  is  very  questionable  if  they  are  more  than  upper  *  Murrees '  (^) — ^the  appear- 
ance in  question  being  the  result  of  the  dynamical  or  other  forces  they  have 
been  subjected  to,  consequent  on  the  elevation  of  the  sharp  Diljaba  range. 

PAL250NT0L00T  OF  THB    SlWALIK   QbOUP* 

I  will  now  consider  the  distribution  of  Siwalik  fossils,  and  will  first  draw 
attention  to  a  table  prepared  by  Mr.  Lydekker  in  Records  XII,  p.  49,  from  which 
my  esteemed  colleague  draws  the  following  deduction  (I.  c,  p.  61)  :— "  The  table, 
in  fact,  shows  that  the  more  modem  genera  are  mainly  characteristic  of  the  coun- 
try to  the  east  of  the  Jhelum,  while  the  Punjab,  Bind,  amd  Perim  island  are 
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eharacterised  by  an  older  faeies  of  genera.  The  Sind  feniia  is  conseqnenily  to  be 
regarded  as  the  oldest  of  the  Siwalik  group ;  that  of  the  Punjab  and  Perim 
island,  probably  the  next  in  age ;  and  the  Siwalik  of  the  Dehra  *  dun  '  and  the  neigh- 
houting  country  a^  the  newest  of  alV*  Now,  I  should  be  extremely  unwilling  to 
challenge  the  dictum  of  my  colleague  on  a  question  of  pure  palaeontology ;  but  as 
the  above  deduction  touching  the  Siwaliks  of  the  Dehra  '  dun '  is  entirely  opposed, 
in  mj  opinion,  to  the  stratigraphical  history  of  the  Siwalik  group,  it  is  necessary 
to  examine  a  little  into  the  ground  whereon  it  rests ;  and  it  by  no  means  is  so 
apparent  that  the  '  table  '  which  is  appealed  to  will  support  the  deduction,  even 
palsontologically.  ^ 

The  main  point  asserted  is,  that  *'  genera  of  an  older  fades  "  characterise  the 
ooimtries  west  of  the  Jhelum  than  are  met  with  to  the  east  of  that  river, — the 
countries  passed  under  survey  being  grouped,  respectively.  Western  Punjab, 
Sind,  Perim  island,  and  Eastern  Punjab,  Sylhet,  Burma.  Now,  in  the  first  place 
(as  conceded  by  Mr.  Lydekker),  a  corrective  process  must  be  applied,  and  genera 
excluded  from  consideration  which,  from  their  rarity,  would  probably  interfere 
with  a  reliable  comparison  of  the  better-known  elements  of  the  fauna  of  the  two 
areas.  Then,  again,  it  must  be  remembered  that  Mr.  Lydekker's  result  largely 
depends  on  the  preponderance  of  small  species  in  this  western  area,  and  of  large 
species  in  the  eastern ;  but  caution  is  necessary  here.  The  western  area  of  the 
Punjab  and  Sind  has  been  explored  by  officers  of  the  G^olog^caJ  Survey,  and 
numerous  small  and  rare  forms  therefore  recorded  in  this  table ;  hut  the  eastern 
area  was  well  searched  by  the  pioneers  in  Indian  palasontology  long  before  the 
survey  commenced  operations ;  and,  though  some  small  forms  have  been  de- 
scribed, the  larger  and  more  conspicuous  fossils  were  what  first  received  attention, 
to  the  neglect  of  smaller  ones.  A  great  number  of  small  fossils  were,  however, 
collected,  of  which  we  now  know  nothing,  as  the  same  were  made  over  to  the  custody 
of  the  British  Museum  authorities,  by  whom  they  have  been  either  mislaid^  lost^ 
or  otherwise  made  away  with  !  (Falconer,  Palseontological  Memoirs). 

Applying,  then,  such  a  clarifying  process,  as  the  case  requires,  to  the  table  in 
question,  the  result  becomes  considerably  modified.  In  the  analysis  now  given, 
an  asterisk  denotes  genera  represented  by  unique  (or  nearly  so)  examples.  A 
few   necessary  corrections  are  made :     Leptobos  is  given  in  place  of  Perihosy 

*  I  haTe  since  this  was  written  been  faronred  with  an  intimation  that  I  hare  entirely  mis- 
understood mj  colleague's  conclusions.  Hr.  Ljdekker  observes :  "  My  point  was,  that  the  fossi- 
liferoiu  horixon  in  the  western  area  was  older  than  that  in  the  eastern,  which  he  [myself]  admits 
to  be  the  case."  Kow,  as  thns  pnt,  I  admit  nothing  of  the  sort,  as  the  whole  misconception 
arises  from  treating  this  '  western  area*  as  a  unity,  when  it  is  really  not  so.  Sind  is  a  western 
area,  and  in  it,  the  facies  of  its  fossils,  correctly  reflects  the  low  horizon  at  which  they  occur.  But 
at  Jabi  near  Jand,  which  is  also  a  toeitem  area,  the  fossils  occur  in  beds  quite  as  high  as  any 
apoacd  in  the  Ddns  to  the  eastward.  Consequently  we  cannot  generalise  to  the  effect  that  the 
Siwaliks  of  the  Dehra-d6n  are  the  newest  of  all.  Mr.  Lydekker  adds  :  "  No  question  was  ever 
raised  as  to  whether  there  might  not  be  representatives  of  the  fossiliferous  eastern  horizon 
among  the  unfossilif erous  horizons  in  the  west."  This  is  satisfactory,  as  proving  Jthere  is  no  real 
difference  of  opinion  on  the  subject  between  my  eoUeague  and  myself^  but  I  must  leave  it  to  the 
reader  to  determine  if  there  were  not  colourable  grounds  for  my  interpreting  my  colleague's 
words  (already  quoted)  in  the  manner  I  did,  though  erroneously  so  as  it  sow  appears. 


no 
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abolished  by  its  author;  Bncapra  is  added;  and  Stegodon  is  extended  west  of  the 
Jhelnm  {fide  Falconer). 

Extinct  genera  east  or  west  of  the  Jhelum^  or  common  to  both  area*, 

[*  Marks  rare  or  anique  Kpedmeng,  and  as  each  exdaded  from  consideration.] 


West  of  Jhelam. 

East  of  Jhelam. 

Common  to  east  and  west. 

Machairodns.* 

PsoudsBlums.* 

Ictitberium.* 

Dinotheriam. 

Acerotherinm. 

Listriodon. 

H  ippopotamod  on.* 

Sanitherium.* 

Hyopotamus. 

Hyotherinm. 

Hemimeryx. 

Sivameryx.* 

Hydaspitherium. 

Brahmatherium. 

Enhydriodon.* 

Cboeromeryz. 

Sivatherium. 

Vishnu  therium. 

Hemibos. 

Amphibos. 

Leptobos. 

Palcebpithecns. 

Amphicyon. 

Hyoenarctot. 

Mastodon. 

Stegodon. 

Tetraconodon. 

Hippohyus. 

Meryoopotamiu. 

Anthracotheriam. 

Hippotberium. 

Chalicotherium.* 

Dorcatheriam. 

12 

7-l*=6 

14-6*=8 

Thus,  out  of  33  extinct  genera,  12  are  common  to  both  areas  ;  and  of  the  21 
genera  specially  distributed  east  or  west,  there  is  only  a  majority  of  2  for  the 
west,  neglecting  those  represented  by  unique  specimens. 

To  examine  the  matter  still  further.  By  turning  to  the  Manual,  page  573,  we 
find  in  the  admirable  chapter  on  the  *  Siwalik  fauna  '  a  list  of  the  "  distinctive 
miocene  '*  forms,  which  I  will  here  review.  At  the  same  time  I  have  not  followed 
the  list  servilely,  as  some  of  the  assignments  are  open  to  question.  For  example, 
if  Mastodon  pandionis  is  referred  with  a  query  to  pleistocene  times,  it  is  not  ob 
vious  why  M.  f  alconeri,  associated  with  it  in  the  same  Upper  SiwaJiks,  should  be 
regarded  as  *  distinctive  miocene  ' ;  and  the  same  remark  applies  to  Hipparion, 
antilopinum,  and  theobaldi.  These  species,  therefore,  I  have  disregarded,  dividing 
the  rest  as  west  of  the  Jhelum,  or  east,  and  common  to  both  areas. 

Distinctive  (in  Europe)  Miocene  Oenera  and  Species  west  of  Jhelwn,  and  east,  or 

commxm  to  both  areas. 


West. 


I 


Mastodon  perimensis. 

Dinotherium  indicum. 

D.  pentapotamisB. 

Listriodon  pentapotamiss. 

L.  theobaldi.* 

Snnithmum  schlagintweiti.* 

Hyopotamns. 

Hyotherium. 

Hemimer^'X. 

Sivameryx.* 

Total 


East,  or  common  to  east  and  west. 


Amphicyon  palnindicns. 
Mastodon  latidens. 
Rhinoceros  sivalensis  (Gij). 
R.  palsBindicttfl. 
Hippotberium  (Hipparion). 
Anthraeotherium. 
Chceromeryx. 
Dorcatherlum. 


10-8*=7 


10 


8 
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This  lifit  sliows,  too,  a  very  inappreciable  preponderance  of  *' dlBtinctive 
miocene"  forms  in  either  area. 

Tnrning  now  to  the  living  genera  tabulated  by  Mr.  Lydekker,  we  find 
26inaU. 

Of  these,  3  genera  only,  Meles,  Bhizomys,  and  Manis  (each  represented 
by  unique  specimens)  are  recorded  as  confined  to  the  western  area,  whilst  of  the 
remaining  23  genera,  10  are  confined  to  the  eastern  area  and  13  are  common  to 
both.  The  meagre  western  list  conclusively  proves  the  imperfection  of  the  record, 
whether  viewed  numerically  or  as  regards  its  composition,  but  the  all  important 
reason,  why  we  should  not  deduce  from  the  list  the  conclusion  that  the  eastern 
Siwaliks  are  newer  than  the  western,  lies  in  the  fact,  that  these  latter  beds  from 
which  fossils  have  been  mainly  derived  in  Sind  and  Perim  are  middle  or  lower 
Siwaliks  (quoad  their  correlated  stratigraphical  horizon),  whereas  the  great  bulk 
of  the  Siwalik  fossils  from  the  eastern  area  are  from  up^er  Siwaliks  only,  and 
no  sound  comparison  can  therefore  be  instituted  between  tliem  if  this  fact  is 
ignored,  and  being  allowed  for  it  entirely,  in  my  opinion,  vitiates  Mr.  Lydekker's 
deduction. 

In  the  Himalayan  region  (and  in  Burma) ,  the  upper  *  SiwaUk'  beds,  c,  d,  and  e, 
are  emphatically  the  fossiliferous  beds  of  the  group.  Fossils  ^et  rare  in/,  are 
rare  in  the  upper  'Murrees'  g,  and  entirely  disappear  in  the  lower  *  Murrees'  h. 

In  Sind,  on  the  other  hand,  it  is  the  lower  *  Manchars  '  corresponding  partly 
at  least  with  this  azoic  zone  hy  that  has  yielded  all  the  fossils  on  whose  pecu- 
liarly old  facies  my  colleague  justly  lays  so  much,  stress,  and  which  I  repeat 
cannot  fairly  be  compared  with  fossils  from  the  Himalayan  Siwalik  from  a 
vastly  higher  horizon.  The  upper  Siwaliks  are  in  fact  par  excellence  *  the 
beds'  which  have  yielded  the  Siwalik  fauna.  Some  half  dozen  species  descend 
into  the  upper  portion  of  the  lower  division  (Murree  beds),  whilst  no  recog- 
nisable species  has  been  as  yet  detected  in  the  basal  beds  of  the  group,  though 
from  some  4,000  to  6,000  feet  or  more  in  thickness. 

This  remark  holds,  I  believe,  absolutely  as  regards  the  Siwalik  group  east  of 
the  Jhelum.  West  of  the  Jhelum  it  may  perhaps  require  to  be  slightly  modified, 
if  the  locality  of  the  (so  called)  *  Kushdlgarh '  fossils  proves  on  rediscovery  to 
be  so  low  in  the  series  as  some  writers  anticipate.  Such  is  not  my  opinion, 
however,  as  some  of  the  fossils  in  question  are  undoubtedly  met  with  on  a  higher 
horizon. 

There  is  perhaps  a  seeming  contradiction  in  the  above  statement  touching 
the  azoic  nature  of  the  basal  portion  of  the  Siwalik  group  and  the  footnote. 
Manual,  at  page  512,  but  the  basal  beds  of  the  group  on  the  north  of  the  Salt 
Range,  containing  Siwalik  fossils,  are  only  locally  basal,  through  unconformable^ 
OTerlap,  and  not  the  true  basal  members  of  the  group  where  fully  developed 
east  of  the  Jhelum  or  even  on  the  north  of  the  Potwar,  and  the  same  remark 
applies  to  the  vicinity  of  Murree,  lying,  as  it  does,  west  of  the  Jhelum,  that  the 
'  Murree'  beds  there  developed  and  stratigraphicallj  transitional  though  they  be 
into  the  nummulitic  group,  do  not  represent  so  low  a  horizon  of  their  particular 
division  as  may  be  seen  east  of  that  river.  So  far  indeed  from  the  idea  before 
qnoted  of  Mr.  Lydekker,  o^  the   *  Siwaliks  to   the  east  being  "  the  newest  of 
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all '  ",  as  exemplified  by  fossil  evidence,  a  precisely  opposite  deduction  might  be 
deduced  from  stratigraphical  consideration,  the  older  Siwaliks  being  developed  in 
greater  force  towards  Nip&l  and  east  of  the  Ganges  than  seems  to  be  the  case 
on  the  Indus,  whilst  nowhere  are  the  younger  beds  in  greater  force  than  to  the 
west. 

I  will  now  endeavour  to  show  how  closely  related  as  a  whole,  as  regards  stra- 
tigraphical development,  the  Siwalik  group  is,  both  in  Sind  and  the  Himalayan 
region. 

To  begin,  let  the  most  distant  sections  of  the  group  be  compared,  that  on  the 
Kolonia  river,  north  of  Kolonia  village,  situated  8  miles  west  by  south  from 
Baramdeo,  on  the  Sfirda  river,  which  forms  the  western  boundary  between 
Nip41  and  the  British  province  of  Kumaun,  and  the  group  as  displayed  in 
Sind,  The  beds  here  display  a  continuous  and  wholly  unambiguous  section, 
from  the  topmost  Siwaliks  c  down  to  beds  which  must  be  very  low  in  beds  h. 
From  the  topmost  beds  c,  which  are  cut  off  to  the  north  by  a  fault  bringing 
them  in  contact  with  lower  beds  of  the  group,  down  to  the  lowest  beds  ex- 
posed, the  thickness  of  beds  can  hardly  be  estimated  at  less  than  14,000  feet. 
The  thickness  of  beds  c  is  at  this  particular  spot  (putting  out  of  consideration 
the  amount  they  have  lost  by  faulting)  rather  I  should  say  below  than  above  the 
average,  owing  to  local  features,  and  the  probable  deflection  of  coarse  materials 
to  the  westward  by  the  operation  of  the  influence  of  the  Sdrda  river  and  its 
tributaries.  This  I  infer  from  the  absence  here  altogether  of  beds  d,  though 
these  beds  are  well  enough  developed  a  little  further  to  the  westward.  Beds  $ 
(the  omnipresent  *  grays ')  are  also  only  in  moderate  development,  so  that  this 
section  displays  probably  rather  less  than  a  mean  thickness  of  the  upper 
Siwaliks  A,  which  may,  howe^ser,  here  be  fairly  estimated  at  7,000  to  8,000  feet^ 
and  a  like  thickness  of  the  lower  group  B.  Now,  at  page  447  of  the  *  Manual,' 
the  following  thickness  is  given  for  the  tertiaries  of  Sind  above  the  '  Khirthar  * 
group :— 


Minimum. 

Maximam. 

Mean. 

M&nchart            ... 

Gaj    ..«                 •••                 • 

li  ftn ...                 .  *  •                 •  • 

'  Upper  ... 

•••  (Lower... 

«■                ...                ... 

C Upper  ... 
—  (Lower... 

II                • ..                .• • 

6,000 
8,000 
1,000 
4,000 
100 

6,000 
6,000 
1,500 
6,0U0 
1,500 

6.000 
4,000 
1.250 
6,000 
750 

Khirthar  gronp  ... 

13,100 

19,000 

16,000 

In  this  table  it  will  be  seen  that  in  Sind  the  entire  thickness  of  the  ter- 
tiaries above  the  Khirthar  beds  average  16,000.  Now,  the  *  Khirthar  group'  is 
a  well  defined  horizon,  which  is  common  to  Sind  and  the  Himalayan  region,  and 
is  in  fact  the  datum  line  for  all  our  calculations  of  the  thickness  for  the  newer 
tertiaries.  In  Sind,  the  '  Manchars,'  which  undoubtedly  represent  the  Siwaliks, 
attain  a  mean  of  9,000  feet.  On  the  Kolonia,  where  their  development  is  below 
the  average,  their  thickness  is  7  or  8,000.     The  O&j  and  Nari  united  display 
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in  Bind  4  mean  ihickneas  of  6,500.  On  the  Kolotiia  riv^r,  beds  on  a  similair 
horijon  (bat  wbose  age  is  unaaoertained  by  intrinisic  evidence)  display  a  tbick- 
ness  of  6,500,  without  reaching  the  '  Khirthar '  datnm  line.  Coald  a  closer 
parallelism  be  conceired,  as  far  as  thickness  goes,  between  the  Siwaliks  of  Sind 
and  the  Himalayas,  and  one,  moreover,  which  shows,  if  anything,  rather  a  snpe- 
rioriij  of  thickness  in  these  eastern  Siwaliks  oyer  their  sonthem  (Sind)  of 
irestem  fiepresentatives. 

An  equally  close  correspondence  in  physical  characters  will  be  seen  to  unite 
the  Manchars  of  Sind  and  the  Siwaliks,  as  the  following  extracts  from  the 
Manual  will  show  (pages  466-467)  :  "  The  Manchar  group  of  Sind  consists  ot 
clays,  sandstones,  and  conglomerated,  and  attains  in  places  a  thickness  of  but  little, 
if  at  all,  less  than  10,000.*  •  •  •  The  whole  group  tiaay  be  divided,  wherever 
it  is  well  exposed,  into  two  portions,  the  lower  consisting  mainly  of  a  characteristie 
^ray  ttmdshne^  rather  soft,  modefattly  fine-grained^  ami  composed  of  quartz,  with 
tome  felipar  and  homhletide,  together  with  red  sandstones,  conglomeratic  beds,  and 
towards  the  hose  red,  brown,  and  gray  clays.**  Now,  if  we  except  the  presence  of 
'  red  sandstones'  which  are  a  local  feature,  the  rest  of  the  above  description  would 
apply  very  well  to  the  Himalayan  Siwaliks  B  beds,  d,  e,  /,  or  '  lower  Khdridn,* 
and  it  is  in  these  beds,  both  in  Sind  and  Northern  India,  that  the  greater  propor- 
tion of  Siwalik  fossils  have  been  found.  Mr.  Blanford  goes  on  to  di^cribe  the 
upper  '  Manchars'  as  follows : — "  The  upper  Manchar  sub-division,  where  it  is 
best  seen,  on  the  flanks  of  the  Khirthar  range,  west  of  Larkh&na,  is  thicker  than 
the  lower,  and  consists,  principally  towards  the  base,  of  a  great  thickness  of  orange 
or  brown  clays,  with  subordinate  beds  of  sandstone  and  conglomerate.  The  sa/nd^ 
stones  are  usually  light  brovm,  but  occasionally  gray  like  the  characteristic  beds  of  the 
lower  sub-division.  The  higher  portion  of  this  upper  sub-group  contains  m/)re  sand- 
stene  and  conglomerate,  a/nd  Hie  whole  is  capped  by  a  thick  band  of  massive  codfde 
eonghmeraU,  which  throughout  upper  Sind  forms  a  eonspicu^ous  ridge  along  the  edge 
of  the  Indus  alluvium,** 

Could  there  be  a  closer  parallel  between  these  upper  '  Manchars'  and  the 
upper  *  ElhiriAns'  of  Northern  India  ?  The  "  orange  and  brown  clays  with  sub- 
ordinate beds  of  sandstone  and  conglomerate"  precisely  reproduce  beds  c,  whilst 
the  highest  conglomerates  of  the  '  Manchars'  are  identical  in  character  with  my 
beds  a.  The  identity  goes  eyen  further  than  general  character,  as  west  of  the 
Jhefaun  these  beds  (a)  are  characterised  by  pebbles  of  nummulitic  limestone,  as 
Ml  Sind.  That  they  are  not  so  further  to  the  east  is  due  to  the  change  which 
there  takes  place  in  Ihe  character  of  the  *  Khirthar'  group  itself,  the  strong 
limestone  of  the  western  Punjab  giving  place  to  the  muddy  deposits  of  the 
,  Sub&thu'  area^  where  strong  limestones  are  not  met  with.  We  have  then  in 
the  *  Khirthar'  group  (Subdthu)  a  fixed  datum  line  or  point  of  departure, 
common  t6  Sind  and  the  Himalayan  region.  Above,  we  have  likewise  the 
'  Maochars*  and  '  Khdridns,'  homologous  both  stratigraphically  and  faunally, 
allowance  being  made  in  the  latter  case  for  diversities  due  to  the  vast  distance 
they  are  apart,  and  between  the  '  Khirthars'  and  the  '  Manchars'  and  *  ELhdridns' 
respeetively  in  Sind  and  Northern  India  we  have  from  6,000  to  8,000  feet, 
in  both  regions,  of  interv^isg  deposits.     In  Sind,  from  the  apparent  accident 
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of  these  beds  being  marine,  whereas  in  the  Himalayas  thej  wonld  seem  to 
be  of  freshwater  origin  in  greater  part  (that  is,  excluding  the  Dagshai  gronp), 
the  age  of  both  the  lower  and  npper  has  been  clearly  fixed,  which  has  not 
been  the  case  in  Northern  India  ;  is  it  then  too  great  presumption,  in  default  of 
direct  evidence,  to  apply  the  clue  afforded  by  the  Sind  section,  and  regard  the 
lower  *  Murrees'  at  least  as  equivalents  of  the  GrAj,  the  break  at  the  top  of  the 
eocene  being  represented  in  the  Punjab  by  the  absence  of  the  Nari  gronp,  the 
'Murrees*  being  directly  superimposed  the  *  Khirthar  beds/  '  Certain  it  is  that 
in  Korthem  India,  as  I  have  shown  by  the  Lambidand  section,  the  Kari  gronp 
is  absent,  and  at  Murree,  10  miles  far  to  the  west  and  north,  the  Morree 
beds  immediately  rest  on  the  Khirthar  group. 

I  now  give  three  tables,  the  first  embracing  the  vertebrate  fauna  of  Northern 
India,  with  a  general  indication  of  its  distribution  and  reference  to  the  volume  of 
the  Records  wherein  the  specimens  are  described  by  Mr,  Lyddeker,  a  second 
table  containing  the  list  of  the  local  fauna  not  included  in  the  last,  and  a  third 
table  of  species  supplementing  Mr.  Lyddoker's  table  of  genera  in  Becords,  Vol. 
XII,  p.  49. 

TABLE  I. 

List  of  Vertebrata  from  the  Siwalii  strata  of  Northern  India. 

[The  first  colnmn  gives  •  reference  to  the  "  Records/'  the  second,  to  the  "  Palscontologii 
Indica,"  Indian  Tertiary  and  post-Tertiary  Vertebrata.  Species  marked  with  an  asterisk  have 
been  procured  by  myself.    Two  asterisks  show  the  specimen  to  be  unique.] 


Becords  Geological 
Surrey. 


Faleoi)toI<^ 
lodios. 


•1 


8 

6 
Total...    5 


•   1 


MAMMALIA. 

Pbimatbb. 

Palax)pithecuB  sivalensis,  Lyd.         ...  *  * 

Punjab  (JirW,  near  Jand) — Kyarda  *dun* 

probably. 

Semnopitbecus  (?)  subhimalayanus,  Meyer        *  * 

(The   Kyarda   *dun'  probably).     (Genus 

doubtful). 

S.  sp.  •  • 

(The  Kyarda  *  dun'  probably). 
Macacus  sivalensis,  Lyd.  ...  *  * 


M.  sp. 


Punjab  {Asnot), 
(The  Kyarda  'dun'  probably). 


Xll 
XI 


XI 
XII 


Casniyoba, 

Pelis  crista ta,  P.  et  C.    ... 

Punjab  (Asno^  and  Kyarda  '  ddn'  pro- 
bably 


XI 


88 

67 


66 
41 


102 


1  w 
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2 
3 

•  4 

•  5 

•  6 

•  1 
8 


•    9 
•10 

•  n 

•12 


•13 

u 

•15 
16 

Total  ...  16 

•  1 

•  2 

•  3 

•  4 

•  6 

•  6 

•  7 


P.  paUdotigris,  P.  (Kyarda  *  dun'  probably). 
Machairodos  siyaleosis,  Lyd. 

Punjab  (Asuol). 
Psendoelurus  sivalensis,  Lyd«  ... 

Punjab  {Asno^. 
Ictitherinm  sivalense,  Lyd.  ... 

Punjab  (Asnotj. 
Hynna  BiTalensis,  P.  et  C. 

Punjab  {Asnot,  Jain)  and  Kyarda  'dun' 
probably. 
Caniif  sp. 

Punjab  (Asnof,  Jain)  and  Kyarda  '  dun' 
probably. 
Amphicyon  palsBiudicus,  Lyd. 


Punjab  (Nurpw,  Kwhalghur). 
Ursna,  sp.     ... 

Punjab  {weti  of  Rupar), 
HyaenarctoB  sivalensis,  F.  et  C. 

Punjab  {Ntnoij  and  Kyarda  'dan'  pro- 
bably. 
H.  palnindicufl,  Lyd.     ...  ...  •  • 

Punjab  {Ainot). 
MelliTora  siyalenais,  F.  et  C. 

UrtUaxus  nvaletuis.    Faun.  Ant  Sir.  Q.,  fig.  4. 
QmIo.     J.  A.  S.  B.,  Vol.  XXVII,  fig.  4. 

Punjab  (Asnot)  Kyarda  'dun'  probably. 
Melflg(?)       ... 

Punjab  (Atno^, 
Lutra  palsindica,  F.  et  C. 

(The  Kyarda  'ddn'  probably). 
*^»  ^P'  •••  ...  ...  ,,, 

Punjab  (Aanot). 
Enhydriodon  ferox,  F.  et.  C. 

(The  Kyarda  '  dun'  probably). 


Pbobosoissa. 

Euelephas  hyradricus,  P.  et  C. 

From  the  SuUej  to  the  Jumna. 
Lozodon  planif  rons,  F.  et  C. 

From  the  Jhelum  to  the  Jumna. 
Stegodon  insignia 

From  the   Indus  to  the  Jumna,   also  the 
Narbada  valley,  associated  with  S.  ganesa 
and  Euelephas  namadicus,  F.  et  C. 
S.  ganeaa,  F.  et  C. 

From  the  Jhelum  to  the  Jumna,  also  the  Nar- 
bada Talley. 
8.  sinensis,  Owen^ 

From  the  Indus  to  the  Sutiej.    Chma. 
8.  bombifrona,  F.  et  C.  ... 

From  the  Sntlej  to  the  Jumna. 
acUftii,F.... 

From  the  Indua  to  the  Sutlej. 


X 
X 

XI 


IX 

X 

XI 

IX 

X 

XI 


XI 

IX 
XI 


XI 
XII 

IX 
XII 


••• 


IX 
X 


XI 
XI 
XI 


Paljeontologia 
Indica. 


83 

32 

102 


94 

83 

103 

104 

33 
103 


103 


104,  154 
102 


102 
60 

104 
60 


31 


42 
81 


73 
73 
72 


1*2   66 


»  Sabsequentlj  regarded  bj  Mr.  Ljdskkor  as  a  tjnonjm  of  clifta. 
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Sonre/. 


Palaontologte 
Indiea. 


•  8 

•  9 
•10 

•  11 

•  12 

18 
14 

Total  ...  14 


1 
•    2 


• 

3 

• 

4 

- 

• 

6 

• 

6 

• 

7 
8 

• 

9 

• 

10 

Total 

• .  • 

10 

•  1 

•  2 

•  8 

•  4 


Mastodon  Bivalensis^  F.  et  C. 

From  the  Ijidos  to  the  Jumna. 
Mastodon  latidens,  Clift 

From  the  Indos  to  the  Ji^na. 
M.  perimensis,  F.  et  C.  ... 

From  the  Indus  to  the  Jhelum. 
M.  pandionis,  F. 

From  the  bidna  to  the  Jhelum. 
M.  falconeri,  Ljd. 

From  the  Indus  to  i^  Jlielum. 
Dinotherium  indicum,  F. 

Trans- Indus  region. 
D.  pentapotamie,  Falc.  ... 

Anioletherium,  F. 

Trant-InduB  region  (Kufhdlsfarh), 


Ukgitlata. 
I^prissodactifla, 

Rhinoceros  platyrhinus,  F.  et  C. 

Between  the  Sutlej  and  Jumna. 
R.  sivalensis,  P.  et  C.      ... 

Between  the  Indus  and  Jvunna. 
R.  palseindicus,  F.  et  C. 

Between  the  Indus  and  Jnmiw. 
Acesotherium  perimense,  F.  et  C.     ... 

Ehinoeero9  planiden*,  Ljd. 

Pun  jah. 
Llstriodon  pentapotamisB,  F. 

Punjab  (Afnot), 
L.  theobaldi,  Lyd. 

Punjab  (Jatn). 
Equus  sivalensis,  F.  et  C. 

Between  the  Jhelum  and  Jumna. 
E.  palsDonus,  F.  et  C. 

Eyarda  ddin  probably. 
Hippotherium  antilopinum,  F.  et  C. 

Eyarda  dtm  probably. 
H.  theobaldi,  Lyd. 

8ivalhipfu9  thtobaldi,  Lyd. 
Eeypur,  west  of  Asnot. 


Artioda^iyla. 
Hexaprotodon  sivalensis,  F.  et  C. 

Between  the  Jhelura  and  Juamit. 
flippopotamodon  sivalensis^  Lyd. 

Punjab  {A9noi). 
Tetraconodon  magnum»  F. 

JDadmpur,  Punjab  (Asnof). 

(Falconer's  type  specimen  la  l<»t). 
Sua  giganteus^  F.  et  C.  ... 

Between  the  Indus  and  Jumiui* 


•    • 


*    • 


•I* 


XI 

XI 

XII 

X 

XI 

XII 

X 

XI 


X 
IX 

XI 


71 
71 

49 

88 

41 

88 

76 


XI 

95 

1-2 

11 

XI 

95 

1-2 

8 

XI 

fi& 

1-2 

4 

XI 

xu 

XI 

46 
I0& 

I-S 
I^ 

23 
S3 

IX 

1D3 

1-2 

58 

XI 

m 

X 

81 

X 

82 

XII 

ftl 

81] 
101 

66r8£ 


1-2 


1-2 


54 
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•  5 

•  6 
7 

•  8 
9 

•10 


fiecorda  Geologicftl 
Banrey. 


•  11 
TOVM.   ...  11 

1 

2 

3 

•  4 


•    5 


7 


9 


8.  bysudriciu,  F.  et  C. 

Between  In^us,  Jmnnm.    Ankan. 
8.  pnnjabieiMiB,  Lyd. 

Punjab  {A9not). 
SiTatberiam  acblagintweiti,  F. 

8u$  puiilltu, 

TranH-Indus 
Hippobyns  siralensia,  F. 

Between  Indus  and  Jamna. 
Chalicotberiam  sivalense,  F.  et  C.    ... 

Between  tbe  Sntlej  and  Jnmna. 
Anthracotberium  sUistrenae,  Pentland 

Anikraeoiherivm  punjaHeme,  Lyd. 
Rhoffotherium  (?)  nndiense,  Lyd. 
Cheromertfx,  Pomel  (in  part). 

Sylbet»  Punjab  (Asnoi). 
Merycopotamua  diasimilis,  F.  et  C.  ... 

Between  tbe  Indui  and  Jumna  (I). 

BmCINAKTIA. 

Boa  planifrons,  Lyd. 

The  Una 'dun.' 
B.  acutafrona»  Lyd.        ... 

Tbe  Una  <  d6n.' 
B.  platyrbinua,  Lyd.       ..,  ... 

Tbe  Una  <d6n.' 
Bubalua  platyceros,  Lyd. 
B,  iinalenns.  But. 

Between    tbe  Beas  and  Jbaiii% 
Eatana  in  tbe  Una  'dfin.' 
p.  palnindicua,  F.  eit  C. ... 

B.  namadicut,  F.  (Boyd-Dawkina). 
B,  armee,  Hod^.  (Boyd-Dawkins). 
West  of  Babbor  in  Una'dfin.' 
BiBon  fiTalenaia,  F. 
Una*d6n.' 
Heniiboa  occipitaUa,  F.  ...  ... 

JSr.  triqmeirieerjot,  F. 
ProluhalMS  iriquetrieormtt  Biit. 
Lepiobos  triquetricomis,  F.  msi. 
Bos  oeeipUalis,  F.  maa. 
Berihos  oeeipUalit,  Lyd. 
Amphihot  aauticomia,  Itjd. 
From  tbe  Jbelum  to  Uie  ~ 
B.  acuticonufl,  F. 

Amphibos  amiieomu,  F. 
AmphSboM  aeuHeornit,  BiiL. 
Leptobot  aeuticornis,  F.  mss. 
Memibos  iriqueirieeros,  Lyd. 
From  tbe  Jbelum  to  tbe  Jumna. 
H.  antilopinua.  F. ... 

Amphiboi  antilcpimu,  F.  maa. 
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1-8 

109 

1-4 

173 

i-a 

1L2 

1-4 

173 

1-3 

119 

1-3 

127 

1-4 

173 

132 


122 


1-8 

141 

1-8 

146 

1-4 

174 

160 
176 


178 


lis 
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Beoords  Geological 
Barrej. 


PahBontologto 
Indica. 


29 
Total  ...  29 


Leptohoi  antilopinus,  F.  mas. 

Frobubalus  antilopinus,  Btit. 

Kyarda  'dQix'  probably. 

10  Leptobos  falconer],  Riit. 
L,  elatuSt  F.  mss. 
Amphibos  elatus,  F.  mss, 

Kyarda  *  dfin'  probably. 

11  Antilope  palfsindica,  F.  et.  C. 
Kyarda  <  d6Q'  probably. 

12  A.  patulicornis,  Lyd. 
Pan  job  (Asnot). 

*  18    A.  sivalensis,  Lyd. 
Between  Ravi  and  Beas. 

*  14    A.  porrecticornis,  Lyd.  ... 

Punjab  (Aanot). 

*  15    Portax,  sp. 

Between  Ravi  and  Jnmna. 

*  16    Sivatherium  gigantenm,  F.  et  C. 

Between  Ravi  and  Jumna. 

*  17    Hydaspitheriam  megfacephalnm,  Lyd. 

Smhmatherium 
Between  Indus  and  Bavi. 
18    H.  grande,  Lyd. 

Between  Indus  and  Jhelum. 

*  19    H.  leptognathufl,  Lyd.    ...  ... 

Between  Indus  and  Jhelum. 

*  20    Camelopardalis  sivalensis,  h\ 

C.  affinU,  F. 
Between  Beas  and  JumniL 

*  21 J  Ckpra  sivalensis,  Lyd.     ... 

Between  Indus  and  Jhelum. 
•22    C.  sp. 

Between  Indus  and  Jhelum. 
28    Bucapra  daviesii,  Riit. 

Kyarda 'd6n  probably. 
24    Otis,  sp.  (fide  Blyth). 
•26    Cervus  triplidens,  Lyd.  ... 

*  26    C.  simplicidens,  Lyd. 

*  27    C.  latidens,  Lyd. 

28    Dorcatherium  majns 

MerifcopoiamuM  nanus,  F.  ... 

Punjab. 
D.  minus,  Lyd. 
Punjab. 


••• 


Total  ... 


2 
2 


Tylopada. 
Camelus  sivalensis,  F.  et  C.  ... 

Between  Ravi  and  Jomna. 

BODBNTIA. 

Rhizomys  sivalensis,  Lyd.  .•. 

Punjab  (Jabi). 

Hystrix  sivalensis,  Lyd. ...  ... 

Punjab  (Asnot). 


•  • 


xbec. 


... 
.t  • 


•*• 


•     • 


•     • 


IX 
XI 
IX 

XI 

XI 

IX 
XI 


••• 


IX 
IX 

IX 


••• 


XI 
XII 

XI 


1-4 


1.3 
1-3 


1-3 


154 

83 
101^ 

91 

98 

104 
83 


1-2 


lOi 
105 

104 


IS 
[.3 


1.4 


1-2 
1-2 
1-2 
12 


1-2 


100 
41 

98 


1-2 


178 


167 
154 
168 


159 
179 


40 


169 
171 
180 


49 
61 
47 
44 


46 


48 
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Bacords  Geological 
BoTTey. 

PalBontologia 
Indies. 

BxCAPirULATIOK. 

Primates 
Carnivoni 
FroboBcidea 
Ungolata. 

Periuodaeiffla 

Ariiodaet^la.,, 
Tylopoda 
Kodentia               ...            ... 

Total 
AVES. 

5 
16 
14 

10 
29 

1 
2 

77 

1 

2 

8 

4 

Strathio  asiaticns,  Hilne  Edwardes  ... 
Dromeni  livolemsis,  Lyd. 

Punjab. 
Meg^OBcelomiB  siraleiisis,  Lyd. 
Ar^a  falconeri,  Hilne -Edwardes    ... 

... 
... 

•>• 

... 

XII                 53 
XII                58 

XII                55 
XII                56 

Total...    4 

REPTILIA. 
(Living  species  markedf) 

ElCTDOSATTBIA. 

1 
2 

t3 
t4 

Crooodilus  crassidens,  F.  et  C. 

Eastern '  d^ns*. 
C.  leptodns,  F.  et  C. 

Eastern  '  diins.' 
C.  palnttris,  Less. 

Between  Indns  and  Gang^. 
Obarialis  gangeticos,  Gml. 

Between  Indos  and  Ganges. 

• 

SArsiA. 

« 

6 

Varaans  sivalensis,  F. 

Eastern  <diins.' 

Chelohia. 

6 

t8 
9 

Coloasocbelys  atlas,  F.  et  C. 

Eastern  *dims.' 
BeUia  siTalensis,  Theobald 

Western  Pnnjab. 
Emys  tectum.  Bell. 

Between  Indus  and  Ganges. 
Ckntleya  annuliger,  Theobald 

'KiW  in  the  Western  Punjab. 

X               48 
XII              186 

Total  ...    9 

and  nndescribed  species    of    Testudo, 
Emyda,  Trionyz,  &c. 

Batagur, 

leo 


Rieord$  oftkt  Geohffieal  Surwy  cf  Inrii'd. 


[vol.  li*. 


TABLE  II. 


Beeordt  Gebloglctl 

Pal»ohioIoir<* 

Snrrej. 

lodiea. 

1.— SlXD. 

Cabnitoba. 

1 

Amphicjon  paleindicos,  Lyd. 

PnOBOBOlDIA. 

X                83 
XI               103 

2 

Mastodon  perimenBis,  F.  dt  C. 

3 

M.  latideos,  Clift. 

4 

M.  falconeri«  Ljd. 

6 

Dinotherinm  indienm,  F. 

XII                 43 

6 

D.  pentapotamie,  F. 

XI                75 

7 

D.  sindiensoi  Ljd.           ...                ...                .., 

Ukoulata. 
PefUsodactyld. 

XII                43 

8 

Rhinoceros  palsiDdicus,  F.  et  C. 

9 

R.  sp.  (near  R.  deccanenais,  Foote). 

10 

R.  •ivalensis^  F.  et  C.     ... 

XI                65 

U 

Acerotherinm  perimenae,  F.  et  C. 

12 

Hippotherimxi,  sp.           .*.                ...                ... 

Artiodactifla, 

XI                65 

13 

Soa  hysudricna,  F.  et  C. 

14 

Chalicotherinm  aitalenae,  F.  et  C. 

16 

Anthracotherium  iiliatrenae,  Pentlaod 

11                78 

16 

Dorcatherium  maina,  Lyd. 
D.  minos,  Lyd.,  H. 

17 

18 

Hemimeryz,  ap.,  Lyd,     ... 

XI               80 

19 

SivameryZy  sp.,  Lyd. 

XI               80 

20 

S.                ap. 

21 

Hyopotamna  palfeindicna,  Lyd 

X               77 

22 

Hyotheriam  aindiense,  Lyd. 

Edentata. 

XI               77 

23 

Mania  sindiensia,  Lyd.    ... 

IX             106 

• 

Total  ...  23 

2. — Pbbik  Island. 
MAMMALIA. 

PttOBOSOIDEA'. 

1 

Maatodon  latidens»  Clift 

IX               91 
and  Manual* 

2 

M.  aivalenFia,  F.  et  C. 

p.  343; 

3 

M.  perimensis,  F. 

4 

Dinotherium  indicnm,  F. 

6 

Acerotherinm  perimentfe,  F.  et  C. 

6 

Rhinoceros,  sp. 
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7 

8 

9 

10 

II 

Total  ...  11 


tl 


2 
3 


Sua  hysndricDS,  F.  et  C. 
Brahmatherinm  perimense,  F.  et  0. 
Capra  perimensis,  Lyd. 
Camelopardalia,  sp. 
Antilope*  sp. 


REPTILIA. 
Crocodilni  palttindicua,  F. 

8. — Nabbada. 
MAMMALIA. 


4 
5 
6 


7 
8 
9 
10 
II 
12 
IS 


U 
15 


Homo  fapiens,  L. 


BiMAKA. 


Cabniyoba. 


Total  ...  16 

1 

t2 

3 

TOfAL 


Felis,  8p. 

Ursiu  namadicus,  F.  et  C. 

Pbobobcidea. 

Eaelepbas  namadicas,  F.  et  C. 
Stegodon  insignis,  F.  et  C. 
&  gauesa,  F.  et  C. 

Unoolata. 

Rhinoceros  namadicns,  F.  et  C. 
Eqaus  namadicus,  P.  et  C. 
Uexaprotodoii  namadicns,  F.  ct  C. 
Tetraprotodon  oamadicus,  F.  et  C. 
Cervos  namadica*,  F  et  C. 
Bos  namadicus,  F.  et  C. 
Bnbalns  palsdndicus,  F.  et  C. 

Bodbntia. 
Mns. 
Hystrix,  sp.  (ipse  inTeni). 


Croeodilns,  sp. 
Emys  teclnni.  Bell. 
Batagar. 


Rbftilia. 


4. — Ibawadi  y alley. 


MAMMALIA. 

Cabniyoba. 


Records  Geological 
Surrey. 


Palnontologia 
Indica. 


IX 


88 


X 


31  ;  1.2 


14 


Ursns,  sp.    ••• 


IX 


91 


m 
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Records  Geologrical    :  ^lerntologia 
Surrey.  lodica. 


2 
3 
4 


5 
6 

7 

8 

9 

10 

11 

12 


OTAL  ...  12 


t  1 

2 

Total  ...  2 


Pboboscidka. 

Stegodon  cliftii,  F.  et  C. 
Mastodon  Bivalenais,  F.  et  C. 
M.  latidene,  Clift. 


Ukgulati. 

Rhinoceros  iravadiciis,  Lyd. 
Acerotherium  perimense,  F.  et  C. 
Equus,  sp. 

(Tapirus  ?) 
Hexaprotodon  iravadicus,  F.  et  C. 
Merycopotamns  dissimilis,  F.  et  C. 
Vishnntherium  invadicum,  Lyd. 
Bo8,  sp. 
Cervus,  sp. 


REPTILIA. 

Qharialis  gangeticus,  Gmel. 
ColoBsochelys  atlas,  F.  et  C. 

and   undetermined     species  of     Batagur    and 
Trionyx. 


6. — Stlhet  (Gabo  hills). 


1-2 


18 


ll 

St4^g()don,  up. 

2 

Sus,  sp. 

1 

3 

Anthnicotheriiira  silistronse,  Pentland 

•  •  • 

XI 

77 

4 

Chaeromeryx  silistrense,  Pomel 

•  •• 

XI 

77 

6 

Cervus. 

6. — Abakan. 

I 

I 

1  ,  Sus  liyNudricus,  F.  et  C. 


Nota  on  some  pleuitocerie  fossils. 

From  pleistocene  beds  in  the  Deccan,  Rhinoceras  deccanensisj  Foots  (Pal. 
Ind.,  Ser.  X,  Vol.  I),  has  been  obtained  associated  with  remains  of  Bos.  In  the 
Museum  of  the  Asiatic  Society  of  Bengal,  there  formerly  existed  portions  of  a 
human  cranium,  in  a  similar  conglomerate  to  that  in  which  the  Narbada 
fossils  are  found.  It  might,  however,  have  been  of  more  recent  formation.  The 
specimen  is  now  lost,  and  was  never  seen  by  Falconer.  The  superior  graveb  of 
the  Narbada  in  which  extinct  mammalia  are  not  found  strongly  resemble  the 
old  mammaliferous  beds,  so  that  confirmatory  testimony  of  man's  presence  in 
the  older  deposits  is  much  needed. 
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TABLE   III. 

Sbbial  List  or  Siwaltk  Vertkbbata. 

A.^Armkan,  B.  Burma,  D.   'Ddns*  East  of  Sutlej   (The  fossils  of  the  P.  A.  S.),  P.  Perim 
hUnd,  G.  Garo  hiUs  (Sylhet).    K.  KusMlgarh,  S.  Sind.     W.  Punjab  (West  of  Indus). 

An  •  denotes  specimens  have  been  prdcured  by  myself, — ^W.  T. 

MAMMALIA. 
Pbimatrs. 


Total 


Total 


Total 


1 
2 


2 
3 
4 

5 
6 
7 
8 
9 

•  •  • 

10 
11 
12 

•  •  • 

13 


13 


1 
2 
3 


1 
2 
1 
1 
1 
1 


13 


1 
1 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 


15 


1 
2 


1       Palseopithecus  sivalenfsis.  Lyd. 

1  I  Semnopithecus  siihhimnlnyanus,  Meyer 

2  I  S^,  sp. 
1 
2 


Macacns  sivalensis,  L\d. 
M.,  sp.  ,., 


1     I 
2 
1     I 

•  • 

1 
2 
1 


Cabnitoba. 

Felis  cristata,  P.  et  C. 

P.  palaeotigris,  F.  et  C.     ... 

Machairodus  sivalensis,  Lyd. 

Pseudoelurus  sivnlensis,  Lyd. 

Ictitherium  sivalense,  Lyd. 

Hycena  sivalensis,  F.  et  C. 

Canis  (sp.)      ... 

Amphicyon  palieindicus,  P. 

Ursus,  sp. 

Hyoenarctos  sivalensis,  P.  et  C. 

H.  palsaindicus,  Lyd. 

Mellitora  sivalensis,  P.  et  C. 

Meles,  sp. 

Lutra  palffiindica,  P.  et  C. 

L.,  sp. 

Enbydriodon  ferox,  P.  et  C. 


Pboboscidba. 

Euelephas  hysudricus,  P.  et  C. 

Loxodon  planifrons,  P.  et  C. 

Stegodon  insignis,  P.  et  C. 

S.  ganesa,  P.  et  C. 

S.  sinensis,  Owen 

8.  bombif rons,  F.  et  C.     ... 

S.cliftii,  P.  ... 

Mastodon  sivalensis,  P.  et  C. 

M.  latidens,  P.  et  C. 

M.  perimensis,  P.  et  0.     ... 

M.  pandionis,  E. 

M.  falconeri,  Lyd. 

Diuotherium  indicum,  P. 

D.  pentapotamisB,  Lyd.    ... 

D.  sindiense,  Lyd. 


Unoulata. 

Pen'ssodactt/Ia. 

Rhinoceros  platyrhinus,  P.  et  C. 
R.  sivaleusis,  P.  et  C. 


•  t  • 

•  •  • 


•  •  • 

•  •  ■ 

•  •  • 

•  •  • 


W. 
u. 
D. 
W. 
D. 


D.  W. 
D. 
W. 
W. 
W. 

D.  W. 
D.  W. 
S.  K.  W. 
B.  W. 
B.  W. 
W. 

B.  W. 
W. 
D. 
W. 
D. 


D. 

O. 

D. 

D. 

W. 

D. 

W.  B. 

P.  B.  I).  W. 

B.  W.  O.  S. 

S.  P.  W. 

W. 

W.  S. 

K.  S.  P. 

s. 


W.  S.  D. 
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•  •• 

3 

R.  palseindicus,  F.  et  0.    ... 

W.  D.  S. 

« « « 

4 

R.  iravadicas,  Lyd. 

R 

« •  • 

6 

R.  sp.  (near  Decern ensis) 

S. 

2 

1 

Acerotheriam  perimense,  F.  et  C. 

P.  B.  8.  VV. 

3 

1 

Listriodon  pentapotamiiB,  F. 

K.W. 

•  •  • 

2 

L.  theobaldi,  Lyd.             ...                 ...    • 

W. 

4 

1 

Bquus  sivalensis,  F.  et  C. 

D. 

»  •  • 

2 

E.  palseonas,  F.  et  C. 

D. 

• 

6 

1 

Hippotheriam  antilopinam»  F.  et  C.   ... 

D.  W. 

•  •  ■ 

2 

H.  theobaldi,  Lyd. 

Artiodactyla, 

W. 

Total 

6 

12 

• 

1 

1 

Hexoprotodon  siTalenBiB,  F.  et  C. 

D.  W. 

•  •  • 

2 

H.  iravadicuB,  F.  et  C.     ... 

B. 

• 

2 

1 

Hippopotamodon  sivalensis,  Lyd. 

W. 

• 

3 

1 

Tetraconodon  magnns,  F. 

W.  D. 

• 

4 

1 

Sns  giganteus,  F.  et  C.    ... 

W.  D. 

• 

•  At 

2 

S.  hysndricus,  F.  et  C.     ... 

A,  a  P.  W.  D. 

• 

•  •  • 

3 

S.  punjabiensis,  Lyd. 

W. 

• 

6 

1 

Sunitherium  Bchlagintweiti,  F. 

K. 

• 

6 

1 

Hippobyns  Bivalensis,  F.  et  C. 

D,W. 

• 

7 

1 

HyopotamoB  palffiindicns,  Lyd. 

a 

• 

8 

1 

Cbalicotherium  sivalenBe,  F.  et  C. 

S.  D. 

• 

9 

1 

Hyotherinm  sindienBe,  Lyd. 

s. 

• 

10 

1 

Antbracotberium  silistrenBe,  Fentlnnd 

G.  W.  S. 

• 

11 

1 

Merycopotamus  dissimilis,  K.  et  C.     ... 

B.  I).  W. 

• 

12 

1 

Cbseromeryx  silistrensis,  Pomel 

s. 

• 

13 

1 

UcmimeryXf  sp.                 ...                 ...                 ... 

s. 

• 

14 

1 

Sivameryx,  sp. 

s. 

• 

a  •  • 

2 

^■f     OLF»                                 «••                                             »••                                            •••                                            •«. 

s. 

• 

15 

1 

CcrvuB  latidens,  Lyd. 

w. 

• 

•  « « 

2 

C.  triplidens,  Lyd. 

w. 

• 

•  • 

3 

C.  simplicidens,  Lyd. 

w. 

• 

16 

1 

Dorcatbcriuin  majuB,  Lyd. 

W.  D.  8. 

• 

2 

D.  minus,  Lyd. 

W.  D.  S. 

• 

17 

1 

Camelopardalis  sivalensis,  F.  et  C. 

D.  W. 

• 

18 

1 

iSivatbcrinin  giganteum,  F.  et  C. 

D.  W. 

• 

19 

1 

Uydaspitberium  megacepbaluro,  Lyd. 

w. 

• 

..• 

2 

H.  grande,  Lyd,               ... 

w. 

• 

•  •  • 

3 

H.  leptognatbas,  Lyd. 

w. 

• 

20 

1 

Brabmatlierimn  perimense,  F. 

P. 

• 

21 

1 

Visbnutberinm  iravadicum,  Lyd. 

B. 

# 

22 

1 

Bos  acutifrons,  Lyd. 

\V.  D. 

• 

■  •  ■ 

2 

B.  planifrons,  Lyd. 

w. 

• 

•  ■  • 

3 

B.  platyrbinus,  Lyd.         ...                 — 

w. 

• 

23 

1 

Hemibos  occipitalis,  F.     ... 

W.  D 

• 

•  •  ■ 

2 

H.  acuticonii«,  F.              ,,,                 ...             •    ... 

W.  D. 

• 

•  a  • 

3     ! 

H.  antilophii'.s,  P. 

D. 

. 

2t 

1 

Loptobos  falconeri,  Biit.  ... 

D. 

• 

25 

1 

Bison  sivalensis,  F.  et  C. 

0. 

•  i 

26 

1 

Bubalus  pbitycero «,  Lyd. 

W. 

« 

•  •  ■ 

2 

B.  palseindicus,  F.  et  C.    ... 

W. 

• 

27 

1  ; 

Aiitilope  sivalensis,  Lyd. ... 

W. 

1  a  • 

2 

A.  palaeindica,  F.  et  C. 

D. 

• 

•  •  • 

3 

A.  patulicomis,  Lyd. 

W. 

• 

«  ■• 

4     ! 

A.  porrecticornis,  Lyd.     ... 

W. 

# 

28 

1  ; 

Cnpra  sivalensis,  Lyd. 

W.  D. 

# 

•  •  « 

2     i 

C.  perimensis,  Lyd.          ,„ 

U. 

• 

a  •  ■ 

3 

v/>,   sp.                      itt                              ..•                              ...                              ... 

W. 

• 

29 

1 

Portax,  sp.     ... 

D. 

30 

1     , 

vVis,  sp.           •••                      ,1.                     ((«                      ... 

I>. 

31 

1 

Camelus  sivalensis,  F.  et  C. 

W.D. 

Total       ...  j 

31 

60 
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^O" 


Total 


Total 


Total 


1 
1 
1 


1 
1 
1 
1 


2 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 


10 


1 
1 
1 


1 
2 
1 
1 


1 
2 
3 
4 
1 


1 
2 
3 
1 


10 


RODENTIA. 

Hystriz  sivalensis,  Lyd.  ... 
Khizomyg  Bivalensis,  Lyd. 
Mas,  sp. 


Ebbntata. 
Mania  sindiensU,  Lyd. 


AVES. 

Stmthio  asiaticiiB,  Milne- Ed wardei 
Dromieas  sivalensis,  Lyd. 
Megaloscelomis  sivalensis,  Lyd. 
Argala  falconeri,  Milne-Edwardei 


REFTILIA. 

Emtdosaxtbia. 

CrocodiloB  crassidens,  F.  et  C. 
C  leptodas,  F.  et  C. 
C.  palustris,  Less. 
0.  perimensis,  F. 
Gharialis  gangeticas,  Gmel. 


Sausia. 


Yaranus  sivaleneis,  F. 


Chblonia. 

ColosBOchelys  atlas,  F.  et  C. 
Cautleya  annuliger,  Theobald 
Bellia  siTalensis,  Theobald 
Emys  tectum.  Bell 
Testudo  ?  sp. 
Batagur,  sp.  ... 
Damouia,  sp. ... 
Trionyx.,  sp.  ... 
Emyda,  sp.     ... 
Emys,  sp.      ^ 


Vertebra 


Ophidba. 


PISCES. 


Vertebra  and  a  fin-bone  ... 


TA5DUNI,  HaZABA, 

AuguH  1880. 


j 


W. 
W. 


s. 


D. 
W. 
D. 
D. 


D. 

D. 

D.  W. 

P. 

W.  D.  B. 


D. 


D.  B. 

W. 

W. 

W.  D. 

W. 

W. 

W. 

W. 

vv. 
w. 


s.w. 


w. 


126  Records  of  the  Geohgifial  Survey  of  India.  [vol.  xiv. 

Notes    on    the    South  Rewah    Gondwana    basin. — By    Theo.   W.   H,    Hdghes, 

A.R.S.M.,  Qcological  Survey  of  India,* 

Area, — The  chief  area  of  investigation  daring  this  season  has  been  the  tract 
lying  between  the  rivers  Johilla  and  Gopat,  both  of  which  are  tributaries  of  the 
Son.     I  did  not  wander  beyond  the  limits  of  the  Gondwdna  series. 

Eock  groups, — The  rock  groups  referred  to  are — 

8.  Trap. 

7,  Lameta. 
6.  Jabalpur. 
6.  Maleri. 

4.  M£h6deva. 

8.  Riniganj. 

2.  Barakar  (Karharbari). 
1.  Tdlcbir. 

Tdlchir, — I  met  with  Talchir  rooks  only  in  the  Johilla  valley  between  Chada 
nnd  Ponri  (villages  south  of  Pali).  They  consisted  of  massively-bedded  fine- 
grained very  pale  green  sandstones,  slightly  claret-coloured  and  grey  needle-shales, 
and  the  ordinary  boulder  beds.  They  have  a  distinct,  though  moderate,  dip  to 
the  north-east,  at  an  average  angle  of  S'*. 

This  is  almost  the  only  section  in  which  the  strata,  throughout  the  whole  of 
the  area  that  I  have  traversed  this  season,  display  a  decided  dip.  There  are 
miles  and  miles  of  country  that  leave  the  observer  in  doubt  as  to  which  point  of 
the  compass  the  beds  incline. 

I  have  estimated  the  thickness  of  the  Talchirs  as  200  feet,  and  their  separa- 
tion from  the  overlying  Bardkar  (KarharbaH)  group  is  based  on  the  usual 
grounds,  colour  being  one  important  feature. 

2.  Bardkar, — This  group,  like  that  of  the  Tfilchir,  is  confined  to  the  Johilla 
valley.  Some  doubt  has  been  thrown  upon  my  identification,  by  the  occurrence 
of  the  fossil  fern  Qangamopteris  cyclopteroides ;  and  Dr.  Feistmantel  suggests  that, 
instead  of  the  rocks  being  Bardkars,  they  are  probably  Karhdrbdris.  It  may  be 
that  I  should  be  more  correct  if  I  classed  the  beds  which  I  have  defined  as 
Bardkars  with  the  Talchirs.  There  is  no  unconformity  between  any  of  the 
strata  from  the  lowest  of  the  Talchirs  (near  Ponri)  and  the  highest  of  the 
Bardkars  (near  Bara  Daigaon)  ;  and  the  only  prejudice  to  overcome  is  the  associa- 
tion of  coal  (known  as  the  Pali  coal)  with  the  Tdlchir  group.  On  the  other 
hand,  it  may  be  urged  that  if  the  rocks  in  the  Johilla  are  sufficiently  charac- 
teristic to  enable  a  line  to  be  drawn,  limiting  them  (as,  indeed,  I  have  done),  the 
Talchirs  may  as  well  remain  so  limited,  and  the  beds  above  them  be  placed  in  the 
group  that  their  features  most  nearly  approach.  Looking  at  them  apart  from 
their  botanical  contents,  they  will  pass  muster  as  Bardkars.     The  coal  is  not  in 

^  These  general  observationB  of  a  large  area  of  the  great  Gondwana  basin  of  the  Son  ar« 
pubhshed  now,  as  it  may  be  long  before  much  of  the  ground  can  be  worked  out ;  until  Mr.  Hughes 
has  disposed  of  the  special  coal-field  areas. 
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the  least  like  the  dull  block  coal  of  the  Karharbari  field  ;  aud  there  are  no 
sandstones  with  angular  fragments.  However,  the  section  is  a  small  one,  and 
there  is  the  fact  of  the  occnrrence  of  Oangamopteris,  And,  in  the  face  of  palsBon- 
tological  evidence,  I  srppose  we  must  pause  until  we  discover  that  stratigraphical 
and  other  claims  are  not  to  be  overridden  by  a  plant. 

The  coal  that  has  been  alluded  to  occurs  near  the  union  of  the  Ganjra  nulla 
with  the  Johilla.  It  is  visible  in  both  banks  of  the  latter  river,  and,  where 
exposed  in  the  water  channel,  it  has  all  the  appearance  of  a  fine  seam  of  coal 
The  section  in  the  right  bank  shows,  however,  that  it  is  not  a  promising  source 
of  fuel.  I  do  not  condemn  it,  because  experience  has  now  taught  me  that  many 
Beams  (as  in  the  Wardha  and  Mohpdni  fields)  with  a  thin  outcrop  may  thicken 
rapidly,  and  furnish  a  good  deal  of  coal.  I  can  say,  however,  that  the  signs  are 
not  promising. 

The  seam  is  seen  in  the  Ganjra  nulla ;  but  I  could  not  trace  it  in  the  low 
ground  between  Pdli  and  Goraia.     I  did  not  look  for  it  westward  of  the  Johilla. 

Its  place  in  the  group  is  near  the  top.  Its  detailed  measurement  is,  de- 
scending (dip  north-east  6^  to  7**) — 

Orey  fclspathic  sandstone. 


2.  Bbale  and  sandstone  ... 

3.  Carbonaceous  shale  ... 

4.  CfOai  .•■  .«. 

6.  Carbonaceous  shale 

7.  CarbonaceouB  shale 
o.  v^oal  ... 

Carbonaceous  sbale  and  sandstone 


8" 

no" 

4" 
6" 
6" 
2'6" 
2" 


The  coal  occurs  in  layers  much  too  thin  to  make  the  seam,  judging  by  its 
exposed  section,  workable. 

The  Barakars  do  not  cover  a  large  area,  and  the  major  portion  of  the  group 
consists  of  sandstones.  Besides  the  section  in  the  Johilla,  there  is  another 
excellent  one  in  the  Ganjra  nulla,  where  the  road  from  Pali  to  Maliagura  crosses 
it,  and  sandstones  very  similar  to  those  in  the  Wardha  valley  may  be  seen  on 
either  side  of  the  ghit.  They  are  nodular ;  texture  granular ;  felspar  slightly 
decomposed ;  and  colour  either  somewhat  yellowish-grey  or  reddish-grey.  The 
dip  is  very  low  to  the  north. 

The  fossils  that  I  despatched  to  Calcutta  were  found  immediately  below  the 
"  seam  "  in  the  Johilla,  and  were  determined  by  Dr.  Feistmantel  as — 

Olossopteris  communis. 
Oangamojfteris  cyclopteroides, 
Noggeratkiopsis  hislopi, 

I  do  not  intend  to  enter  into  any  descriptive  details  of  the  boundary  that  I 
have  assigned  to  the  Bar4kars.  Wbere  the  sections  were  clear,  I  have  endeavoured 
to  be  accurate  and  true  to  ancient  records.  Where  the  sections  were  obscure^ 
I  have  done  what  all  men  do. 
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3.  Bdniganj, — Continning  the  examination  of  the  Johilla,  an  assortment  of 
sandstones  and  shales  succeed  almost  immediately  to  the  P^li  coal,  which  at  first 
I  was  inclined  to  class  with  a  series  higher  than  that  of  the  Damiida.  The  sand- 
stones are  not  typical  of  any  group,  such  varieties  as  they  consist  of  occurring  at 
any  horizon  in  the  Gondwdna  scale.  But  the  shales,  or  perhaps  more  correctly, 
"argillaceous  sandstones"  are  reddish-coloured  and  highly  ferraginous,  and 
give  to  the  rocks  with  which  they  are  associated  quite  a  Mahadeva  look.  Out  of 
one  of  the  sandstones,  however,  I  hammered  (in  the  islet  opposite  Chota  Daigaon, 
marked  on  map)  a  Vertehraria  vidica,  so,  dismissing  the  Mahadeva  identification, 
I  descended  to  the  Kdmthi  group  and  adhered  to  it  for  some  time  ;  but  as  in  no 
other  portion  of  my  area  could  I  discover  any  beds  which  refused  to  be  relegated 
to  any  other  group  than  the  Kamthi,  and  as  the  Baniganj  group  was  a  well 
defined  member  in  the  Damtida  series  over  a  very  large  tract  of  country,  I  at 
last  gave  up  the  Kdmthi  division  and  fell  back  upon  the  Raniganj  group.  With- 
out the  fossil  I  should  certainly  have  shifted  the  rocks  in  the  Johilla  (between 
Bara  and  Chota  Daigaon)  to  a  higher  horizon.  The  Vertebraria  perhaps  indicates 
that  the  Bardkar  limit  ought  to  extend  as  far  as  Chota  Daigaon. 

Whatever  uncertainty  exists  in  regard  to  the  identification  of  the  Baniganj 
group  on  the  Johilla,  there  is  little  or  none  with  respect  to  the  Damuda  rocks  that 
are  exposed  in  the  Sohagptir  tdluk,  and  in  the  neighbourhood  of  Marwas  (GK>pat 
valley). 

The  Marwds  area  is  the  extreme  westerly  extension  of  a  large  body  of 
Baniganj  rocks  exposed  in  the  Gopat  valley,  and  stretching  without  a  break,  I 
believe,  to  the  Rehr  river.  It  was  near  Marwas  (in  the  early  part  of  the 
season)  that  I  first  recognised  the  Baniganj  group,  by  the  appearance  of  the 
rocks,  and  by  hunting  about  for  fossils,  I  managed  to  discover  amongst  other 
varieties  some  Schizoneura.  Throughout  the  Damdda  valley,  this  plant  was 
fairly  characteristic  (though  not  so  much  so  as  Trizygid)  of  the  Baniganj 
horizon,  and  I  have  accepted  it  as  strengthening  my  opinion  of  the  position  to 
which  the  Marwds  rocks  ought  to  be  assigned. 

There  are  no  continuous  sections  showing  satisfactorily  the  sequence  of  the 
beds  and  the  petrological  characters  of  the  group ;  but  such  sections  as  there  are 
expose  now  and  again  characteristic  rocks.  The  greater  portion  of  the  sandstones 
are  yellowish-grey  micaceo-felspathic  silicious  beds,  usually  fine-grained,  and 
sometimes  fiaggy.  Carbonaceous  matter  is  abundant  in  many  of  the  beds,  and 
affects  the  colour,  disguising  the  grey.     Mica  is  more  or  less  abundant. 

The  characteristic  calcareous  sandstone  of  the  Bdniganj  group  is  not  so 
frequently  seen,  but  it  is  extremely  well  exposed  in  the  open  country  between 
Badoura  and  Mahkor.  It  is  in  the  main  of  a  greyish  colour,  but  tinged  with 
yellow,  and  occasionally  the  brownish-red  of  iron  ore.  It  weathers  with  roundish 
edges,  and  when  occurring  in  mass,  it  is  sometimes  mammillary.  As  a  rule,  it  is 
not  thickly  bedded.  It  contains  besides  calcareous  matter,  an  admixture  of 
ferruginous  matter,  that  I  fancy  gives  it  its  yellow  tinge.  On  a  newly  fractured 
surface,  it  is  usually  dark  or  light  grey  in  colour.  The  shales  and  argillaceous 
sandstones  are  generally  grey,  of  varying  shades,  according  to  the  proportion  of 
carbonaceous  material  that  they  hold.     Mica  is  more  or  less  common. 
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North  of  Marwds,  the  Raniganj  group  is  cat  off  by  a  fault,  which  brings 
it  into  contact  with  the  granite  of  Puthroura.  This  fault  crosses  the  Gopat 
river  north  of  Tikar.  South  of  Marwds  the  Raniganj  group  passes  under  the 
Mahddeva  group. 

The  dips,  except  near  the  faulted  boundary,  are  low.  There  is  a  main  anti- 
clinal, the  axis  of  which  is  almost  coincident  with  the  course  of  the  Sehra 

nnila. 

Throughout  this  Marwas  tract,  I  did  not  see  any  workable  seams  of  coal. 
There  is  coal,  however,  and  also  coaly  shale,  which  may  improve  to  coal  in  places. 
The  localities  where  coal  and  coaly  shale  occur  are — 

hkwmka :   nearly  due  west  of  village  (coaly  shale). 

Makkor :  in  the  Sehra  nulla  a  bed  of  coaly  shale  is  repeatedly  exposed,  bat  it  is  more  promi- 
nent north  of  Mahkor  than  elsewhere.  It  is  aboat  2'  e^ia  thickness,  with  a  layer  of 
coal  4".     Dip,  very  low  to  the  north. 

Mujgama  :  in  the  Jhnpra  and  Mujgama  nulla  there  is  a  carbonaceous  bed,  with  sufficient  coal 
in  it  to  make  it  conspicuous.    The  section  is  (descendiug) — 

1.  Carbonaceous  shale  ...  ...  '••     1'     ^^ 

2.  Grey  arenaceous  shale     ...  ...  ...  ^ 

3.  (/Oal  ...  ».•  ...  •••  *^ 

4.  Coaly  shale  and  carbonaceous  shale  ...  ...  4" 

5.  Tellowish-grey  niicaceo*arenaceou8  sandy  shale  ...     2'    0" 

6.  Carbonaceous  shale  ...  ...  •••  ^ 

I  brought  no  sample  of  the  coal  away,  deeming  the  seam  too  small  to  be  of 
any  practical  value.     Dip  slight,  to  south. 

Leaving  the  Marwas  area,  and  going  south  along  the  Gopat  river,  Rdnigauj 
rocks  are  observable  on  both  si^es,  having  a  slight  southerly  dip.  About  the 
neighbourhood  of  Gurwadhar  there  is  a  change  in  the  inclination  of  the  beds  to 
west  and  north- west^ 

A  thin  bed  of  coal  is  seen  at  the  junction  of  the  Burchur  nulla  with  the 
Xewra  nnlla  (tributary  of  Gopat,  west  of  Gurwadhar) . 

Coal  and  coaly  shale  are  also  seen  at  the  confluence  of  the  M&han  nulla  and 
the  Gopat ;  about  14  feet  of  sHghtly  carbonaceous  shales  and  shaly  sandstones 
being  capped  by  6  inches  to  8  inches  of  coal.  The  outcrop  of  this  coal  can  be 
traced  for  some  way  down  the  Gopat  river,  and  I  fancy  it  is  identical  with  the 
outcrop  in  the  Burchur  and  Newra  nullas. 

The  Raniganj  group  extends  south  of  the  Mdhan  nulla,  and  is  well  exposed 
near  Mirhara  and  Rouhal  (Atlas  sheet  spelling) .  At  various  places  coaly  shale 
appears,  but  nothing  that  approaches  a  workable  seam  of  coal.  I  think  I  need 
scarcely  particularise  where  I  saw  this  shale.  It  is  to  be  constantly  met  with, 
for  the  lie  of  the  rocks  ai*ound  Mirhara  and  Rouhal  is  so  low  (indeed  horizontal 
or  undulating  over  a  considerable  area)  that  the  same  bed  is  at  or  near  the 
fiorface  over  a  large  tract  of  level  country. 

I  made  diligent  search  for  fossils  in  order  to  substantiate  my  lithological 
identifications,  and  I  managed  to  gather  several  fine  specimens  of  ferns,  <Sbc.,  of 
the  ordinary  R&niganj  type. 

I  did  not  go  beyond  Rouhal.  I  struck  off  to  the  west  when  I  reached  that 
pointy   and  passed  on  to  Upper  Gondwana  rocks.     For  convenience  therefore.  I 
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will  group  together  the  different  localities  in  this   part  of  the  Oopal  basin,  and 
allnde  to  them  apart  from  the  Sohi,gpur  fossil  localities — 

1.  Chandnidol  (1^  miles  west  of  Marw&s).    The  plants  were  found  in  the  first  tributary  of 

the  Sehra  nulla  east  of  the  village  of  Chanduidol.    They  were  imbedded  in  grey  argillace- 
ous shales  and  flaggy  micaceous  shales  and  sandstones : — 

Sehizoneura  gondwantntit, 

O  lottopterit  formota, 

2.  Bajbai  (1  mile  west  of  the  Gopat  river.     Lat.  24''  4i\  Long.  SI"*  570-     The  fossils  occur  in  the 

Bajbai  stream,  in  grey  argillaceous  shale  topping  2  feet  of  coaly  and  carbonaceous  shale. 

The  varieties  obtained  were  : — 
Sehizoneura  gondwanensii. 
Veriehraria  indiceu 
Olottopterig  communis, 

r,  indica. 

„  anguttifoUa. 

3.  M4faan  river. 

(a). — Near  junction  with  the  Gopat  :— 
Veriebtaria  indica, 
Olosiopteris,  sp. 

(b). — Nearly  due  south  of  Tnnsar  : — 
Schixoneura  goadwanetisis. 
Oloatoptervi  cwnmunit, 

indica. 

ret  if  era. 

anguetifoUa 
AUihoplerie  comp.  whitbgentit, 

(v). — Various  points  between  Ganjar  and  junction  of  iMdImn  and  Ronhal  nullas  ;  — 
Sehizoneura  gondicanensis, 
Ol4)8topteri*  communiM. 

„  angustifolia, 

Alethopteris  comp.  whitbgeneit, 

Angiopteridium. — Two  fraguients  of  a  taniopteroid  fern«  resembling  m  similar  one 

in  the  Kdmthi  beds  of  the  N^pur  area,  which  Dr.  Feistnuuitel 
quoted  as  Angiapt.  comp.  m'cUllandi. 

These  lists  prove,  I  think,  that  the  fossils  are  from  tho  Raniganj,  rather  than 
the  Barakar  horizon ^  I  know  of  no  instance  in  which  Alethopteris  has  been  met 
with  in  the  Bardkar  group,  and  Sehizoneura  gondwanensis  is  a  fairlj  typical 
Raniganj  plant. 

Having  alluded  to  the  Raniganj  rocks  of  the  Johilla  and  the  Gopat,  I  now 
pass  on  to  the  S6n  valley,  and  the  Rdniganj  rocks  of  the  Sohagpdr  district. 

These  are  not  continuous  at  the  surface  with  the  Raniganj  beds  of  the 
Johilla  river,  the  overlying  Mahadeva  (?)  rocks  separating  the  two  areas. 
I  fancy,  however,  from  the  remarks  which  I  have  read  in  the  reports  of  my 
predecessors,  and  by  inspection  of  their  maps,  that  the  Rdniganj  rocks  of  the 
Son  and  Gopat  are  continuous. 

I  have  traversed  a  large  extent  of  the  Sohdgpiir  district,  and  I  noted  that 
the  sandstones  do  not  present  much  variety.  Tiio  most  prominent  kind  is  thr 
grey   or  yellowish    gi-ey-felspathic  silicious   sandstone,    sometimes   earthy    and 
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sometimes  sliglitlj  calcareons.  Mica  is  usaally  present  in  a  small  qaantity ;  but 
there  are  varying  proportions,  and  occasionallj  it  qualifies  a  rock. 

Aronnd  Sohagpur  (town),  Elhaira,  and  Sahpur,  the  main  body  of  sandstones 
is  of  the  same  character,  belonging  to  the  silicio-felspathic  type,  generally 
massively  bedded.     They  contain  more  mica  than  1  noted  elsewhere. 

I  did  not  notice  the  characteristic  calcareons  sandstone  that  I  saw  in  the 
Marwas  area.  Shales  are  not  very  frequent.  They  are  of  the  usual  Baniganj 
type — argillaceous  and  sOicious,  qualified  by  mica^  carbonaceous  matter  and 
femiginous  matter. 

The  dip  is  everywhere  low,  but  there  is  a  northerly  tendency  in  it. 

Up  to  the  present  1  have  only  met  with  one  seam  of  coal.  It  crops  out  in 
several  different  places,  but  as  it  is  better  exposed  in  the  S6n  river,  near  Gurdru, 
1  have  distinguished  it  as  the  Gurdru  seam.  It  is  capped  by  carbonaceous  shales 
and  sandstones,  and  the  whole  mass  of  dark-looking  rocks  forms  a  conspicuous 
feature.  I  could  not  obtain  any  information  about  coal  from  the  natives,  but 
by  following  up  the  fragments  of  coal  for  several  miles  along  the  channel  of  the 
Son,  I  managed  to  hit  upon  the  Gurdru  seam. 

The  following  is  its  section  (descending) — 


2.  Carbonaceons  iihale 
4.  CArbonaceouB  shale 
6.  Carbonaceoiu  ihale  and  coal 


...  5" 
6 
...  2'4" 
...  2" 
...  2  8" 
...  (not  all  seen). 


Taking  3  and  5,  we  have  5   feet  of  coal,  which  is  a  thickness  sufiScient  to 
be  workable.     The  bottom  of  the  seam  is  not  all  seen. 

An  analysis  of  the  coal  has  been  made  by  Mr.  Mallet,  and  the  result  is  rather 
disappointing :  — ' 

"  Gurim  senm.    (Register  No.  4-125). 

Moisture        ...  ...  ...  ,,,  ...  ...       2  7 

Volatile  (inclosive  of  moisture)         ...  ...  ...  ...      9  5 

Fixed  carbon  ...  ...  ...  ...  ...     40*5 

JS80  ...  ...  ...  ...  ••.  ...ViO 


Total 


...  1000 


"  Does  not  cake.    Ash  reddish."  (F.R.M.) 
Of  course  no  one  would  press  eagerly  forward  to  use  this  coal,  unless  he  was 
■omewhai  "  hard  up  "  for  a  substance  to  bum^ 

The  dip  is  low,  undulating,  horizontal. 

In  the  Muma  nulla  (a  tributary,  left  bank  of  S6n),  the  samA  seam  as  the 
Guram  is  seen  (south-west  of  Bijauri).  At  the  junction  of  the  Murna  and  the 
Son,  there  are  carbonaceous  shales,  but  there  is  no  coal  with  them.  These 
oTerlie  some  massive  grey  sandstones  of  ordinary  Kdniganj  type,  which  are  worn 
into  pot-holes,  some  of  them  of  more  than  ordinary  depth.  They  are  in  all 
stages  of  growth  and  obliteration,  and  an  artist  could  make  a  pretty  picture 
of  them. 
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With  the  Qurdm  coal  are  associated  fossils,  which  I  obtained  in  a  flaggy 
band  of  sandstone  of  dark  greenish-grej  colour,  above  the  coal  i-^- 

Schizoneura  gondtoanenaii, 
Olossopteri*  communis. 

„  indica. 

Squama  ffymnogpermarum. 

In  another  band,  of  yellowish-grej  soft  clay  shale,  Dr.  Fei^tmantel  has  made 
out  a  ne'w  plant : — 

OlossopterU  angustifoUa, 

Rhipidopti*    (n.  8.)  :  Uke  a  plant  in  the  Kimthis,  South  God^varL 
Of  other  localities  that  yielded  fossils,  the  following  is  a  list : — 

1.  86n  river  (opposite  deserted  village  of  Sarsi),  collected  by  Hira  Lai : — 

SchUoneura  gondwanenn*. 
Qlouopterif  browniana, 

2.  Kaehodhar  (about  11  miles  west  of  Soliilgpur)  : — 

Olossopteris  communis. 
The  village  of  Kaehodhar  stands  on  Laxnetas,  and  the  Lametas  immediately  overlie  ths 
R^uiganj  rocks. 
8«  Hard*  (near  the  soatliem  margin  of  the  field,  about  2  miles  south-west  of  Khaira)  :■— 

Vertehraria  indica, 
Oloistopteris  communis. 
Noggerathtopsis  htslopi. 
Voltzia  heterophylla, 
Samaropsis  comp.  parvula. 

These  plants  from  Hardi  are  not  so  characteristic  of  the  Bdniganj  gronp  k 
those  from  the  other  localities,  Vert,  indica,  Gloesop,  communis,  Nogger.  hishpi, 
and  Voltzia  heterophylla,  all  being  Karhdrbdri  gronp  species.  But  the  rocks  in 
which  they  were  found  must  be  included  in  the  Rdniganj  group,  provided  that 
my  identification  elsewhere  of  the  Sohdgptir  district  rocks  be  correct,  for  no 
distinction  can  be  drawn  between  the  sandstones  and  shales  around  Khaira  and 
Haxdi  and  those  from  which  the  more  characteristic  fossils  of  the  Baniganj 
group  were  obtained. 

4.  Mdhddeva, — Turning  to  a  consideration  of  the  next  series  of  rocks,  that 
overlying  the  Baniganj  group,  I  have  to  admit  that  my  mind  has  passed 
through  several  stages  of  doubt,  and  that  at  difPerent  periods  during  the  last 
working  season,  and  even  during  my  stay  in  Calcutta,  I  have  had  to  modify  my 
opinion. 

The  first  impression  (recorded  25th  November  1879)  entered  in  my  note  book 
was,  that  the  rocks  of  which  I  am  treating  under  the  present  heading  were 
M&hddevas.  I  quote  my  words :  "  Many  of  the  sandstones  are  coarse-grained,  and 
contain  gravel  and  pebbles,  reminding  me  of  the  Mdhddevas."  I  gave  the  idea  up 
after  a  time,  not  because  there  was  any  difficulty  in  allowing  the  lithologic^l 
resemblance  of  these  rocks  to  the  Mahadevas,  but  because  on  discovering  that 
they  succeeded  immediately  to  the  R&niganj  group,  I  naturally  asked  myself 
whether  they  might  not  represent  some  of  the  divisions  intermediate  between 
the  Rdniganj  and  Mahddeva  age. 
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With  this  possibility  before  me,  I  commenced  to  look  out  for  Kimthi  affi- 
nities ;  and  in  the  ferruginous  character  and  the  open  texture  of  many  of  the 
sandstones,  and  the  occurrence  of  reddish-brown  ferruginous  argillaceous  bands, 
I  thought  I  had  sufficient  ground  suggesting  a  Elamthi  horizon. 

Finding,  however,  as  I  struck  eastward  towards  the  Chang  Bhakhar  State,  and 
in  the  direction  of  the  Gopat  valley,  that  these  sandstones  were  associated  with 
strong  pebble  beds,  and  other  sandstones  compacted  by  iron,  and  traversed  by 
ribs  of  ferruginous  matter,  exactly  as  in  the  case  of  the  Mdhddevas  of  the 
Damuda  vaUey,  and  that  these  sandstones  and  pebble  beds  presented  the  same 
physical  features  which  are  so  characteristic  of  the  Mdhddevas  elsewhere,  I  gave 
up  the  notion  of  their  being  Kdmthis. 

A  series  of  masterly  faults  would  relieve  me  of  my  burdens ;  and  sudden 
thinnings  and  thickenings  would  pull  me  through  many  vexations,  but  until 
obliged  to  institute  tbem  (as  probabilities  or  necessities),  I  prefer  to  struggle  on 
without  them. 

I  classed  this  series  as  Panchets,  when  I  dismissed  the  view  of  its  being 
Edmthi,  and  I  adhered  to  this  resolution  until  the  difficulty  of  consorting  it  with 
the  MAhddevaa  of  the  (jurjdt  States^  stared  me  in  the  face.  The  possibility  that 
the  clays  of  the  Maleri  group  may  represent  the  Lower  Panchets  of  Bengal  lent 
a  certain  amount  of  colour  to  the  idea  that  the  sandstones,  d;c.,  inferior  to  them 
might  also  belong  to  that  group. 

The  only  plant  fossils  from  this  series  (three  in  number)  contained  two  forms 
exhibiting  affinity  to  the  Rdjmahdl  flora,  and  when  I  received  Dr.  Feistmantel's 
letter  in  camp,  announcing  this  circumstance,  it  was  considerable  relief  to  my 
mind.  It  assisted  the  settlement  of  the  broad  question  of  Upper  or  Lowe^ 
Oondw&na. 

I  have  finally  adopted  the  Mdhadeva  horizon,  but  I  am  still  troubled  by  a 
lingering  impression  that  these  rocks  are  in  closer  union  with  the  Jabalpur 
sandstones  of  Bansa,  Chandia,  and  so  on,  than  I  can  demonstrate  at  present ; 
and  that  indeed  the  Jabalpur  group,  the  clays  (Maleri)  with  reptilian  remains, 
and  these  sandstones,  &c.,  are  nearly  allied. 

The  boundaries  that  I  have  given  to  these  rocks  which  I  class  and  shall  hence- 
forth allude  to  as  Mdhddevas,  are,  as  in  the  case  of  the  other  g^ups,  more  con- 
veniently appreciated  by  looking  at  the  map  than  by  reading  a  long  descriptive 
paragraph  crowded* with  the  names  of  villages,  hills  and  rivers. 

The  dips  are  everywhere  low,  slightly  undulating  or  horizontal. 

There  is  no  difficulty  in  separating  the  Mdhddevas  from  the  underlying 
Riniganj  group,  and  the  boundary  of  the  series  which  I  have  given  is 
moderately  reliable.  The  sandstones  and  shales  and  pebble  beds  are  quite  dis- 
tinct from  the  grey  sandstones  and  shales  of  the  Rdniganj  horizon.  The  only 
puzzling  bit  is  in  the  section  of  the  Johilla,  where  some  of  the  Baniganj  sand- 
stones are  more  ferruginous  than  is  ordinarily  the  case.  In  the  rest  of  the  area, 
there  is  a  prominent  difference  between  the  rocks  in  each  group. 

'  Chang  Bhakbar,  Jhilinili,  Korea,  Sirgnjab,  &c. 
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The  nnconformity  of  overlap  exists,  and  is  very  evident  when  the  lines  are 
put  upon  the  map.  The  overlap  is  distinctly  traceable  south  of  Pali,  and 
eminently  so  in  the  Marwds  area. 

To  convey  a  picture  of  the  lithological  chai*acter  of  the  Mahidevas,  I  have 
forwarded  to  the  Museum  a  series  of  illustrative  specimens  of  the  various  rocks. 
The  most  prominent  feature  is  the  occurrence  of  ferruginous  matter,  and  silicic- 
ferruginous  matter  producing  different  degrees  of  induration  and  various  ferric 
tints.  There  are  all  gradations  of  texture,  but  coarse-grained  sandstones  pre- 
dominate. Pebble  beds  and  likewise  conglomerates  occur.  Shales — red,  pink, 
lavender,  and  mottled  (red,  purple,  and  yellow) — are  moderately  frequent  in  the 
lower  portion  of  the  group,  and  being  usually  brightly  coloured  they  readily  catch 
the  eye. 

Describing  the  rocks  more  in  detail,  I  have  to  remark  that  the  sandstones  in 
the  Johilla  are  very  well  exposed ;  indeed  the  best  section  in  the  whole  of  the 
South  Bewah  area  is  to  be  met  with  in  this  river.  There  is  a  very  moderate  dip 
to  the  north,  and  each  stratum  shows  for  a  long  way.  The  sandstones  are 
massive,  false  bedded,  and  rather  coarse-grained,  yellowish-red,  and  brown,  and 
brownish-grey  in  colour.  Sometimes  they  are  considerably  indurated  by  iron. 
They  contain  a  proportion  of  ferruginous  matter,  and  when  felspar  occurs^  it  is 
frequently  of  a  reddish  tint.  Nests  of  pebbles  and  gravel,  and  runs  of  the  same, 
sometimes  observable. 

With  these  sandstones  are  red  and  mottled  shales.  Many  of  the  shales  are 
highly  ferruginous.  Some  of  them  are  fossiliferous.  The  exact  spot  where  I 
found  the  fossiliferous  shales  was  in  the  Gorari  nulla  (a  tributary  of  the  Johilla, 
right  bank),  opposite  the  southern  tolah  of  the  present  village  of  Parsora.  This 
village  is  not  marked  on  the  1-inch  map,  but  it  is  about  half  a  mile  from  the 
indicated  site  of  Banoudha  in  a  south-easterly  direction.  The  river  opposite  the 
village  of  Parsora  cuts  a  gorge  in  the  rocks,  exposing  yellowish  and  brownish- 
grey  silicio-felspathic  sandstones,  strongly  coloured  yellow  and  red  mottled  sand- 
stones, and  extremely  fine-grained  dark-red  ferruginous  shales.  These  are  the 
shales  that  yielded — 

Danaopsis  f 

Thinnfeldia  odontopteroides. 

With  these  shales  there  are  a  few  feet  of  fine-grained  mixed  pale  lilac  and 
white  sandstones,  with  dashes  of  dark  brownish-red  colour,  and  lichen-shaped 
patches  irregularly  coursing  through  them.  I  selected  samples  of  these  lichen 
patterns  for  the  Museum,  as  they  exhibited  in  a  pretty  manner  the  result  of 
segregation.  The  colouring  matter  of  the  sandstone  is  iron,  which  produced  a 
shade  of  lilac.  By  the  process  of  segregation  the  colouring  ingredient  becomes 
of  a  deeper  shade  within  limits,  and  the  ground  colour  becomes  blanched. 

From  the  union  of  the  G-horari  (Gorari)  nulla  with  the  Johilla  to  the  junction 
of  the  latter  river  with  the  S6n,  there  is  nothing  very  striking  to  draw  attention 
to,  the  sections  being  too  imperfect  to  refer  to  as  illustrative  ones. 

Going  eastward  from  the  valley  of  the  Johilla  to  that  of  the  Son,  we  pass 
over  a  hilly  country  which  affords  an  opportunity  of  studying  the  pebble  beds  of 
the  series.     They  occur  high  and  low  in  the  Mdhadevas ;  and  throughout  the 


PART  1.]  HuGJWLS  "  Noie  on  the  South  Rewah  Gondwana  laitin,  185 

length  and  breadth  of  the  area  that  I  have  ezamiiied.  The  pebbles  do  not  make  up 
the  beds,  but  occur  in  strings  onlj,  in  sandstones  of  varying  texture  (but  usually 
coarse).  Over  many  square  yards  where  the  lie  of  the  ground  is  favourable  for 
the  accumulation  of  the  pebbles  that  drop  out  as  the  sandstones  disintegrate,  they 
occur  in  such  abundance,  that  one  could,  if  so  disposed,  gather  cart-loads  of  them. 
They  are  usually  yellow  stained  and  pellucid. 

All  the  varioxus  types  of  sandstones  which  make  up  the  Mahddevas  are  to  be 
Been  in  this  area  between  the  Johilla  and  the  S6n.  It  is  an  excellent  studying 
ground.  I  have  referred  frequently  to  the  presence  of  ferruginous  matter  in  the 
sandstones.  It  occurs  in  thin  vitreous-looking  bands,  running  through  the  beds 
generally  parallel  with  the  stratification,  and  also  in  the  form  of  sheets  placed  at 
varying  angles.  When  these  sheets  or  plates  are  nearly  vertical  with  the 
weathered  surfaces  of  the  rock  they  appear  as  thin  salient  lines.  When  their 
broad  surfaces  are  turned  up,  they  look  like  turtles  and  shields  of  diversified 
contour.  There  is  no  special  horizon  for  the  more  heavily  charged  ferruginous 
Bandstones,  and  therefore  there  is  no  necessity  to  indicate  the  various  places 
where  I  met  them.     I  found  them  throughout. 

A  very  marked  feature  in  many  of  the  sandstones  is  their  mode  of  weathering. 
Owing  to  unequal  degradation,  they  are  worn  down  into  minature  table  lands 
and  sharp  ridges.  When  these  ridges  (as  is  sometimes  the  case)  are  well  defined 
and  nearly  parallel  to  one  another,  they  look  like  outcrop  edges,  and  often  en- 
courage the  eye  to  make  a  wrong  observation  of  '^  strike."  As  a  rule,  however, 
they  are  not  parallel. 

In  my  journal  I  have  made  several  special  notes  on  the  subject  of  weathering. 
I  find  they  relate  principally  to  the  rocks  bordering  the  Chang  Bhakhar  State, 
but  the  instances  are  just  as  common  in  the  S6n  and  Johilla  villages.  I  came 
across  a  veiy  interesting  case  in  the  Mfihan  river  near  Phulwa,  and  I  have  the 
following  entry :  "  The  river  Mahan  passes  through  a  very  pretty  gorge  in  the 
Mahadevas,  after  tumbling  over  a  series  of  drop  shallows ;  both  banks  are  fringed 
with  forest  trees :  ferns  grow  on  every  ledge  and  in  eve^y  nook,  water  streamlets 
trickle  from  crevices.  The  sandstones  are  grey-brownish  streaked,  moderately 
coarse  felspathic  silicious  sandstones.  Their  weathered  surfaces  are  in  many 
instances  scooped  and  scalloped,  and  they  are  traversed  by  thin  but  prominent 
extending  lines  (whose  durability  is  due  to  the  segregation  of  ferruginous  matter) 
that  pursue  an  irregular  course.  Where  the  rocks  have  been  planed  to  an  even 
surface  (as  in  the  bed  of  the  river)  they  look  like  Damuda  sandstones — the 
demolition  of  the  ridges  having  caused  an  otherwise  prominent  and  characteristic 
feature  of  the  Mahadevas  to  be  obscured." 

Kear  Dubari  (Ban^  river)  I  note :  "  The  most  striking  rock  is  a  white 
quartzose  and  felspathic  sandstone,  the  surface  of  which  is  worn  into  a  series  of 
razor-backs ;  and  lines  so  arranged  that  they  look  like  the  pens  of  a  cattle 
market."  At  Liajhauli,  on  the  hill  north  of  Majhauli,  I  found  the  sandstones 
same  as  on  other  Mahadeva  hills.  Most  of  them  are  hard  and  compact,  their 
surfaces  are  travelled  by  chisel- edged  ribs  left  by  the  process  of  unequal  degrada- 
tion. These  ribs  run  in  various  directions,  but  occasionally  they  present  the 
symmetry  of  geometrical  figures,  or  assume  the  regularity   of  sheep  pens,  or 
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fnrrows  in  a  field.     These  ridges  or  ribs  do  not  agree  with  any  system  of  joint* 
ing.     They  are  merely  indurated  free  lines  of  segregation. 

There  is  another  peculiar  weathering  which  is  seen  in  some  of  the  sand- 
stones (and  only  in  those)  that  contain  a  small  percentage  of  manganese.  The 
surface  appears  studded  with  knobs,  diminishing  from  the  size  of  cracknel  biscuits 
to  that  of  frosted  almonds  and  caraway  seeds. 

The  great  mass  of  sandstones  in  the  Mdhfidevas  accord  in  character  with 
those  described  in  the  Johilla  section,  that  is,  they  are  usually  massively  bedded, 
often  false  bedded,  generally  coarse-grained  and  friable  (when  not  indurated 
by  iron)  ;  rusty  brown,  salmon,  and  various  shades  of  grey  and  yellow  are  the 
most  common  colours ;  scattered  pebbles  and  strings  of  pebbles  are  frequent ;  and 
ferruginous  matter,  either  in  bands,  in  strings,  or  in  plates,  or  as  a  general  indu- 
rating agent,  is  freely  distributed ;  mica  is  not  nearly  so  universal  a  mineral 
component  as  it  is  in  the  Damtida  series  ;  felspar  and  silica  are  the  chief  mineral 
constituents. 

Occurring  as  one  in  the  series  of  sandstones,  but  not  frequently,  is  a  variety 
which  I  noted  in  the  Wardha-Pr4nhita  area  (above  the  Kota  clays).  It  is  a 
pink-coloured  sandstone  (sometimes  a  conglomerate)  with  lighter  shaded  fine 
grained  interrupted  courses  of  shale,  which  give  a  brecciated  look  to  the  rock. 
It  is  not  often  met  with,  but  it  usually  arrests  the  eye,  and,  as  soon  as  I  saw  it, 
I  was  reminded  of  the  similar  rock  in  the  Wardha-Pranhita  valley. 

I  have  made  an  upper  boundary,  not  coincident  with  any  fixed  topmost  bed 
of  the  Mahadevas,  but  limited  by  the  first  bed  of  red  or  green  clay  or  sandstone  of 
Maleri  type  that  I  met  with.  This  is  not  satisfactory  ;  but  throughout  the  South 
Bewah  country  that  came  under  my  notice  there  is  not  a  single  clean  contact  of 
the  Mdhadevas  and  Maleris.  I  believe  there  is  unconformity  between  the  two, 
the  clays  and  peculiar  rubbly  calcareous  sandstones  of  the  latter  group  dying  out 
rapidly  in  the  neighbourhood  of  the  Banis  river,  for,  if  we  look  at  the  map, 
the  Mdhidevas  east  of  the  Banfis  appear  to  overlap  the  Maleris.  This  of  course 
cannot  be  :  there  must  either  be  sudden  thinning  of  the  Maleris,  or  there  is  a 
fault  or  faults  heading  roughly  north  and  south.  This  point  I  have  not  settled.  I 
was  occupied  in  sketching  the  geology  rather  than  fixing  it,  in  going  over  a  large 
area  in  order  to  see  what  rocks  I  had  to  deal  with,  rather  than  working  out 
details.  Had  the  evidence  everywhere  been  plain  spoken,  I  should  not  have 
had  to  record  this  explanation,  but  all  the  sections,  with  the  exception  of  those 
in  the  Johilla,  are  most  imperfect  and  unsatisfactory.' 

I  have  recorded  the  points  that  have  to  be  borne  in  mind,  and  the  questions 
that  require  more  evidence  to  be  accumulated  to  elucidate  them. 

The  thickness  of  the  Mahadeva  series  I  put  at  1,400  to  1,500  feet.  This 
is  calculated  along  the  fall  of  the  river  S<5n,  from  the  lowest  level  to  the  summit 
of  Kanandil  hill. 

6.  Mcderi, — Under  this  group  are  included  clays  and  sandstones  bearing  a 
perfect  resemblance  to  the  Maleri  rocks  in  the  Wardha-God4vari  area.  I  should 
not  have  placed  them  as  such  however,  but  rather  as  Jabalpur  beds,  had  I  not 
had  the  good  fortune  to  discover  reptilian  remains  which  proved  their  identity. 
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These  remains  were  of 

ParasuchuSf  Sfc.y  Spc. 

With  these,  which  oocnrrod  in  red  clays  near  Tiki,  I  found  Unios  as  pre- 
Tionsly  with  the  same  fossils  at  Maleri. 

The  Maleri  group,  as  I  define  it,  is  the  highest  GondwAna  horizon  in^s 
cental  section  5  tie  basin,  beiween  Ae  86n  and  Banis  v-dleys.  and  is  made 
up  of  ch^ys,  shales  and  ssndstones,  some  of  which  are  tyP«aJ /J  *e  group. 

The  typical  rocks  are  those  that  I  designate  low-level  Malei^.  because  they 
UBuaDy  Ue  in  the  low  ground;  and  they  consist  of  red  -"^^  8^'' ^^J^ ' 
rabbly  calcareous  sandstones  and  fine-grained,  friable,  thick  and  false-bedded 
swidstones  containing  clay  galls,  and  with  smaU  streaks  and  dashes  of  decom- 
posed  felspar. 

The  calcareous  sandstone  is  reiy  difEerent  from  the  Einiganj  calcareous  sand- 
stone. Instead  of  being  a  smooth  compact  yellowish-blue  rock,  it  has  a  rough 
weathered  surface,  showing  moulds  of  pebbles  and  day  galls.  It  is  haxd  and 
firm  in  texture,  and  of  dark  grey  colour.  Where  calcareous  matter  is  defi- 
cient, it  is  a   siUcious  sandstone,  sUghtly  calcareous;  but  it  retains  the  rough 

appearance.  ^ 

These  low-level  Maleris  form  the  base  of  the  group.  Above  them,  and  consti- 
tuting the  high-level  Maleris,  axe  rocks  alarmingly  like  the  M4hAdevas ;  and  if  it 
were  not  for  the  intervening  zone  of  clays,  I  should  make  them  fall  into  the 
Mihideva  horizon.  This  likeness  suggests  a  fault,  and  this  is  aU  I  have  to  say 
aboat  it.    . 

The  most  convenient  section  of  the  low-level  Maleris  for  study  is  in  the  S6n, 
just  above  Taripathar.  Commencing  at  the  big  trap  dyke  we  have  (descending)— 

1.  Friable,  thick  and  false-bedded  sandstone,  chiefly  siliciow.  containing  clay  galls  and 

with  white  dashes  of  decomposed  felspar.    Colour,  brownish-yellow  and  grey. 

2.  Greenish-grey  fine-grained  sandstona 

3.  Brown  speckly  sandstone,  with  a  few  flakes  of  jetty  coal. 

4.  Fine-grained  sandstone,  with  thin  green  laminss,  false-bedded,  containing  pieces  of 

jetty  coal. 
6.  Bnbbly  calcareous  sandstones. 

6.  White  very  fine-grained  sandstones. 

7.  Bed  clay. 

Stems  of  trees,  with  their  bark  converted  into  jetty  coal,  are  quite  abundant 
in  the  lower  Maleris ;  and  they  occur  occasionally  in  the  higher  Maleris. 

The  high-level  Maleris  are  seen  in  all  the  hills  of  the  Maleri  area,  and;  as  I 
said  before,  are  very  like  the  Mdhidevas.  There  are  red  ferruginous  shales, 
coarse  sandstones,  with  irregular  ferruginous  coui-ses ;  fine-grained  silicious  sand- 
stones, yellowish-grey  or  brown  in  colour ;  purple  argillaceous  sandstones ;  and 
sandstones  with  broken  runs  of  shales  5  and  others  with  irregular  ferruginous 
courses  and  plates. 

There  is  not  much  difference  between  this  paragraph  and  one  I  have  written 
under  the  MihMbva  heading ;  and  one  would  naturally  say  that  I  have  described 
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M&h&devas  under  the  title  of  high-level  Maleris.  I  was  not  of  this  opinion  in 
the  field,  because  I  had  a  zone  of  red  clays,  containing  Maleri  fossils,  between 
my  high-level  Maleris  and  the  Mdhadevas ;  but  a  fault  may  intervene.  If  it 
does,  however,  it  will  have  to  be  of  a  very  complicated  pattern. 

I  have  not  traced  the  group  west  of  the  S6n,  nor  have  I  accurately  defined 
it  east  of  the  Bands,  It  has  either  been  dropped  out,  or  it  has  thinned  out  east 
of  the  Bands,  for  though  the  red  clays  run  in  great  strength  as  far  as  Bamraha 
and  Dagdoua  (Atlas  Sheet),  I  did  not  meet  with  one  bed  east  of  the  Banis. 

With  the  clays  are  found  botryoidal  masses  of  manganese  ore.  Mr.  Mallet's 
remark  on  a  sample  submitted  to  him  is— 

'*  Manganese  ore  (Basi),  apparently  psilomelane.  It  contains  a  large  amount 
of  insoluble  matter,  some  iron,  and  a  trace  of  cobalt." 

6.  Johalpur, — Within  the  area  examined  I  did  not  meet  with  any  members  of 
the  Jabalptir  group.  I  walked  some  of  the  rivers  near  Chandia  and  Kanria 
and  procured  some  fossils  from  near  Bansa,  a  list  of  which  is  published  in 
Dr.  Feistmantel's  paper.* 

The  fossils  were  found  in  pale  grey  argillaceous  shale,  and  also  in  a  slightly 
carbonaceous  shale,  which  crop  out  in  the  Machrar  river,  a  few  yards  below  the 
Kauria  and  Majhgawan  ghftt. 

Associated  with  these  shales  are  sandstones  salmon-coloured,  light  purple, 
jon^y  and  fine-grained.  At  junction  of  Machrar  and  Mdhdnadi,  the  sandstones 
are  massively  bedded  and  contain  shale  galls,  like  the  high-level  Maleris. 

I  brought  some  Umaria  coal,  which  is  supposed  to  be  of  Jabalpiir  age.<  Mr. 
Mallet's  analysis  shows — 

Moisture        •..  ...  ...  ..•  ...  ...     11*3 

Tolatile  (exclnsive  of  moisture)  ...  ...  ...  ...     29*4 

Fixed  carbon...  ...  ...  ...  ...  ...     45*8 

«aoU  •••  ...  •>•  ...  ...  ...  Xv  O 

Total  ...  100*0 


This  resembles  a  lignite  coal  in  its  moisture.  The  ash  is  much  less  than  I 
anticipated. 

7.  Lameta. — This  group  was  not  undertaken,  I  merely  made  a  note  of  its 
occurrence  whenever  found.  It  is  extensively  exposed  beyond  the  south-west 
edge  of  the  Oondwdna  basin,  along  the  base  of  the  basaltic  plateau  of  Mandla. 

8.  Trap, — B&bti  Hira  Lai  had  charge  of  the  trap,  and  he  looked  for  it  dili- 
gently. There  was  a  good  deal  of  hard  labour  involved  in  tracing  the  coarse 
of  the  various  runs  of  trap,  much  more  indeed  than  the  results  on  the  maps 
convey  at  first  sight.  The  trap  is  found  occurring  in  the  most  irregular  shapes, 
both  in  dykes  and  in  sheets. 

1  Records,  XIII-3,  p.  189  (1880). 

9  Mr.  Hughes  has  recently  (16th  Decemher)  written  to  say  he  has  fonnd  QanffamopUrit, 
QlotsopierU,  and  Phyllotheca  in  the  Umaria  seam,  proving  it  to  be  of  Dam6da  age. 
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On  the  ferruginous  "beds  associated  with  the  Basaltic  Bocks  of  North-Eastem  Ulster, 
in  relation  to  Indian  laterite. — By  F.  B.  Mallet,  F.G.S.,  Geological  Sur- 
vey of  India. 

Within  the  last  two  decades  an  important  industry  has  sprang  np  in  the 
connty  Antrim  in  the  utilisation  of  the  ferruginous  beds  which  occur  interstrati- 
fied  with  the  basaltic  rocks  of  North-Eastern  Ulster.     The  first  ore  appears  to 
iiave  been  raised  some  twenty  years  ago,  and  during  1869  upwards  of  50,000  tons 
were  shipped  to  England.'      At  the  present  time  the  output  is  much  larger. 
Several  companies  have  been  formed  for  working  the  ore ;  narrow  gauge  lines 
of  rail  have  been  laid  down  from  some  of  the  most  important  mines  to  the  sea, 
and  the  ore  is  shipped  from  several  of  the  Antrim  ports  to  those  of  Cumberland, 
Wales,  and  the  Clyde.     *'  Its  freedom  from  deleterious  substances,  such  as  phos- 
phorus  and   sulphur,   and  from  any  qualities    injurious   to  the  production  of 
superior  iron,  commends  it  highly,  while  the  presence  of  titanic  acid  in  the 
pisohte-bed  adds  much  to  its  value  for  the  production  of  steel.     But  it  is  the 
high  percentage  of  alumina  that  claims  for  this  ore  peculiar  importance.    Mr.  S. 
Evans,  who  has  introduced  much  of  this  ore  into  England,  informs  us  that  its 
value  as  a  flux  is  becoming  more  and  more  appreciated,  and  that  the  furnaces 
of  Cumberland  and  Lancashire  are  now  supplied  with  large  quantities  for  mixing 
with  the  silicious  heematites  of  that  district.     The  effects  of  combining  these  two 
ores  in  the  furnace  is  to  soften  the  slag  and  to  produce  what  is  called  a  '*  loose 
load,"  which  allows  the  metal  to  pass  through  with  facility,  and  at  the  same 
time  acts  as  a  protection  to  the  inner  coating  of  the  furnace.     But,  in  addition  to 
these  valuable  properties,   the  alumina  determines  the  separation  of  the  silica 
from  the  haematite-ores,  thereby  producing  from  a  given  quantity  a  larger  per- 
centage  of  metallic  iron  than  could  otherwise  be  obtained.     The  great  difficulty 
hitherto  has  been  to  produce  an  iron  free  from  silica  for  the  Bessemer  process 
of  steel-iron  making.     The  Cumberland  ore  has  been  found  well  adapted  for  pro- 
ducing this  steel ;  but  the  contained  silica  has  always  been  a  drawback,  injurious 
and  difficult  to  remove.     The  great  demand  is  for  an  iron  free  from  silica;  and 
since  the  Antrim  ore  has  entered  the  market,  this  desideratum  has  been  accom- 
plished :  it  contains  little  or  nothing  deleterious,    and  yet  has  within  itself  the 
essential  properties  for  making  a  superior  steel-iron,  while  the  large  excess  of 
alumina  acts  as  a  purifier  to  the  richer  ferruginous  ores,  and  has  thus  enabled 
the  Cumberland  and  Lancashire  furnaces  to  stand  first  in  producing  the  most 
suitable  iron  for  Bessemer's  process.^ 

The  working  of  so  many  mines  affords  means  for  studying  the  ferruginous 
beds  satisfactorily,  and  struck,  from  the  published  descriptions,  with  their  primd 
facie  resemblance  in  several  points  to  the  laterite  of  India,  I  took  the  opportunity 
of  a  recent  visit  to  Europe  for  examining  the  rocks  in  situ. 

>  Mesm.  Tate  and  Holden :    Qaart.  Jonm.  Qeol.  Soc.,  XXVI,  164. 

*iM.,  lea. 
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The  first  section  visited  was  at  Belumford,  Island  Magee,  whicli  has  been 
described  as  follows  by  Messrs.  Tate  and  Holden.' 

Ft.    In. 

"1.  CoUimfMr  boMaU,  with  2  or  8  inches  of   decomposed    rock    below. 
2.  PisoUtie  iron  ore.    The  npper  2  inches  with  little  or  no  ochreons  matrix : 

the  spheroids  large,  and  now  and  then  a  thin  lamina  of  the  ore.    The 

ochre  increases  in  quantity  with  the  increase  of   depth,   and   the 

iron-ore  merges  into 'bole' 
B,  Bole, — an  indurated  red  fermginons  ochre 
4.  Yellow  ochre  ..,  •••  •••  •*•  •» 

which  g^raduates  into 
6.  Blue  lithomarge — Base  not  seen,  but  thickness  proved  to       .••  ...     29        6  " 

The  pisolitic  ore  appears  to  include  some  hydrons  mixed  with  anhydrous  ferric 
oxide,  while  some  of  the  spheroids  are  magnetic.  It  is  soft  and  breaks  easily  with 
an  uneven  fracture.  The  *bole'  and  'yellow  ochre*  are  more  clunchy  in  aspect 
than  the  above,  breaking  with  a  somewhat  conchoidal  fracture  They  are  very 
brittle,  and,  at  the  surface  at  least,  are  divided  into  small  pieces,  perhaps  by 
partial  dessication.  The  *  blue  lithomarge  *  has  more  commonly  a  sort  of  brown- 
ish lilac  colour,  thickly  speckled  with  small  white  or  yellowish-white  spots,  but 
some  parts  are  brown  or  yellowish  or  even  green,  with  similar  speckling.  It 
breaks  with  a  conchoidal  fracture,  and  is  divided  at  the  surface  (by  dessication  ?) 
into  irregular  pieces,  but  not  so  much  so  as  Nos.  3  and  4.  There  is  a  well  marked 
line  between  the  basalt  and  the  pisolitic  ore,  but  the  latter  and  Nos.  3,  4,  and  5 
are  not  sharply  demarcated. 

At  Shane's  hill,  a  few  miles  from  Lame,  there  are  several  mines.  The  pisolitic 
band  is  thicker  there  than  at  Belumf ord,  about  3  feet  and  6  inches  being  exposed  in 
one  adit.  It  is  covered,  with  a  sharply  marked  junction,  by  basalt.  The  chief  part 
of  the  ore  consists  of  a  matrix  apparently  including  both  anhydrous  and  hydrous 
ferric  oxide  in  varying  proportions,  through  which  magnetic  spheroids  are  more 
or  less  thickly  scattered.  Yellow  ochre,  <&c.,  occur  beneath  the  pisolitic  band, 
beneath  which  there  is  apparently  lithomarge,  but  no  good  section  of  the  lower 
heds  is  exposed. 

At  the  GlenarifP  iron  mines,  near  Bed  Bay,  levels  have  been  driven  in  on  the 
outcrop  of  the  ore-bed  at  short  intervals  for  a  distance  of  several  hundred  yards. 
The  bed  containing  the  best  ore  is  directly  under  the  upper  basalt,  and  averages, 
as  I  was  informed  by  Mr.  Argall,  in  charge  of  the  mines,  about  18  inches  in  thick- 
ness. It  varies  greatly,  however,  sometimes  thinning  out  to  a  couple  of  inches, 
and  sometimes  expanding  to  as  much  as  3  feet.  The  composition  varies  also. 
The  ore  is  mainly  a  pisolitic  hematite,  but  there  is  a  considerable  quantity  of 
pisolitic  limonite  (some  of  the  spheroids  in  which  are  magnetic)  and  also  of 
pisolitic  magnetite.  I  understood  from  Mr.  Argall  that  the  different  varieties  of 
ore  pass  into  each  other  irregularly,  and  are  not  separated  into  distinct  beds. 

The  first  quality  ore  is  all  obtained  from  the  above-mentioned  bed,  of  which 
the  upper  part  contains  a  rather  higher  percentage  of    iron  than   the  lower. 

»  Quart.  Journ.  Geol.  Soc.,  XXVI,  163. 
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It  rests  on  a  poorer  ore,  of  a  more  ocHrey  or  clayey  kind,  in  wluch  the  pisolitio 
character  is  comparatively  faintly  developed.  The  latter  becomes  less  ferruginous 
lower  down  and  appears  to  pass  into  speckled  lithomarge.  No  good  section  of 
the  latter  is  exposed,  but  Mr.  Argall  thought  there  was  not  less  than  30  feet 
of  ferruginous  and  lithomargic  rock  altogether.     Beneath  it  is  the  lower  basalt. 

At  the  Ballylagan  iron  mine  near  Portrush,  which  I  visited  with  Mr.  Egan 
of  the  Irish  Geological  Survey,  to  whom  I  am  indebted  for  the  following  section, 
there  is  ezx)Osed : 

Bnalt  (lower  part  amygdaloidal)^  Ft.    In.        Ft.    In. 

'  Hematite '  of  the  mineni  ...  ...  ...     0      1    to    0      6 

'Ore' of  theminen  ...  ...  ...  ...     1      6    to    8      0 

'Fayement '  of  the  miners,  known  to  be  not  leas  than  12  feet;  probably  considerably  more* 

The  '  hematite '  is  a  compact  limonite,  breaking  with  'suboonchoidal  fracture 
The  '  ore '  is  an  ochreous  argillaceous  variety  of  the  same,  with  perhaps  some 
anhydrous  oxide ;  the  *  pavement '  consisting  of  bole,  lithomarge,  &c.^  the  erposed 
portion,   at  least,   of   the  latter  being  here  pale  green  or  brownish  without 
mottling. 

At  the  BaUymagarry  mine,  also  near  Portrush,  the  section  is  very  similar  to 
the  above.     A  boring  was  sunk  in  the  '  pavement '  there  to  a  depth  of  30  feet 

Numerous  other  sections  have  been  described  by  the  officers  of  the  Irish 
Survey  and  others,'  but  I  have  confined  myself  to  those  which  I  have  mvself 
seen. 

According  to  Professor  Hull,  "  the  beds  of  ore,  wherever  they  are  found 
belong  to  one  and  the  same  geological  horizon,  and  enable  us  to  separate  the 
basaltic  series  into  two  great  divisions — one  below  and  the  other  above  the  position 
of  the  piaolitic  ore  "'-*- 

Hazimom  thlcknew. 
Ft. 
Upper  (c).  Beds  of  tabular  basalt  and  dolerite,  generally  columnar  (over)  ...    400 

JLawer  ifi).  Beds  of  pisolitic  iron-ore,  bole,  volcanic  asbes^  and  lignite         ...      50 
(a).  Beds  of  tabular  basalt  and  dolerite,  generally  amjgdaloidal,  and 

containing  bands  of  bole  ...  ...  ...  ,^^     q^ 

The  origin  of  the  Antrim  ferruginous  beds  has  been  the  subject  of  considerable 
discuflsion.  Mr.  Du  Noyer  appears  to  have  held  that  the  oze  of  Magee  Island 
(p.  140)  was  mechanically  deposited  by  water,  and  that  "it  was  aa  true  an 
aqueous  conglomerate  as  if  it  had  been  found  in  the  heart  of  the  old  red  sandstone.'* 
Hessis.  Tate  and  Holden  believed  that  the  lithomarge,  bole,  and  pisolitic  ore  are 
all  produced  by  alteration  of  the  basalt  in  situ.  **  There  can  be  no  doubt  that 
Uie  lithomarge  and  bole  alternating  with  compact  basalts  are  but  decomposed 
basalts        •        •        •        But  these  difierences  do  not  militate  against  the- 

>  Vide  Quart.  Joum.  Geol.  Soc.,  XXTI,  p.  161,  and  Ezplanatoiy  Memoir  to  sheets  21  28 
sad  29  of  the  Geological  Surrey  Maps. 

'  British  Association  Report*  1874y  Geological  Section,  p.  70.  According  to  Mr.  Kinahan 
(Geology  of  Ireland,  p.  164),  the  iron-ore  beds,  "  although  chrned  in  one  series,  seem  to  oecnr  on 
•lightly  difPerent  geological  horizons." 

'  Explanatory  Memoir  to  sheets  21,  28^  and  29»  p.  17. 
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presumed  origin  of  the  bole  and  iron-ore — that  thej  are  several  stages  in  the 
metamorphism  of  one  original  mass ;  the  addition  of  water  to  the  basalt,  and  loss 
of  lime,  other  alkaline  earths,  and  alkalies,  produced  bole  ;  the  loss  of  water  and 
oxygen  from  the  ferruginous  materials  of  the  bole  resulted  in  an  increased  per- 
centage of  iron  in  the  pisolitic  ore."' 

The  opinion,  however,  appears  to  be  held  now  with  some  unanimity  that  the 
iron-ores  are  of  lacustrine  origin,  and  that  they  have  been  formed  through  organic 
agency.     In  the  discussion  on  Messrs.  Tate  and   Holden*s  paper,  Mr.  D.  Forbes 
expressed  his  belief  that  '*  the  origin  of  the  pisolitic  ores  was  in  fact  organic. 
In  Sweden  certain  lakes  were  regularly  dredged  each  year  for  the  pisolitic  ore 
still  in  course  of  formation  by  means  of  confervoid  algss.     He  therefore  regarded 
the  whole  of  these  beds  as  in  a  certain  sense  sedimentaiy,  and  though  due  to 
organic  agency,  yet  still  deriving  their  original  mineral  matter  indirectly  from 
the  basalt.    The  basalt  contained  a  considerable  amount  both  of  phosphorus  and 
sulphur ;  and  if  the  ores  had  been  derived  directly  from  the  basalt,  both  these 
substances  would  have  been  present  in  them.*     This  was  an  argument  against 
any  direct  metamorphism.     The  presence  of  vanadium  afforded  additional  reason 
for  regarding  these  ores  as  formed  in  the  same  manner  as  bog-iron  and  similar 
ores."*     Professor  Hull  takes  the  same  view.     The  beds  beneath  the  iron -ore  he 
regards  as  volcanic  ash.     "  The  period  of  the  formation  of  the  older  sheets"  (of 
basalt)  '*  appears  to  have  been  brought  to  a  close  by  the  discharge  of  volcanic 
ashes  and  the  formation  of  an  extensive  lake,  or  scries  of  lakes,  over  the  region 
extending  at  least  from  the  shores  of  Belfast  Lough  to  the  northern  coast  of 
Antrim,   in  which   the  remarkable   beds  of   pisolitic  iron-ore  were  ultimately 
deposited.     This  is  the  only  mode  of  origih  of  these  ores  which  seems  to  me  at 
all  probable ;  and  I    am  consequently  unable  to  accept  the  views  advanced  by 
Messrs.  Tate  and  Holden  regarding  their  origin  from  basaltic  lava  by  a  process 
of  metamorphism.     That  water  was  present,   and  that  the  beds  of  ash  which 
underlie  the  pisolitic  ore  were  stratified,  at  least  in  some  instances,  is  abundantly 
evident  upon  an  examination  of  the  sections  at  Ballypalidy,  Ballymena,  and  the 
northern  coast.     In  some  places  they  seem  to  be  perfectly  laminated  in  a  manner 
that  could  only  take  place  by  the  agency  of  water.     It  would  seem,  therefore, 
that  by  the  combination  of  slight  terrestrial  movements,  a  shallow  basin  was 
formed  over  the  area  indicated,  which  received  the  streams  charged  with  iron  in 
solution,  draining  the  upland  margins,  from  the  waters  of  which  were  precipi- 
tated the  iron,  possibly  by  the  agency  of  confervoid  algsB,  as  in  the  case  of  the 
Swedish  lakes  of  the  present  day  (a  view  maintained  by  Mr.  D.  Forbes,  F.R.S.), 
or  by  the  escape  of  carbonic  acid,  owing  to  which  the  iron  became  oxidized  and 
was  precipitated."*     Mr.  Kinahan  says : — "  The  iron-ore  measures  appear  to  have 
been  lacustrine  accumulations,  and  to  have  been  formed  similarly  to  like  deposits 

*  Quart.  Joum.  Geol.  Soc.»  XXYI,  pp.   156,  158.    The  authora  believed  that  the  iron-ore 
at  Ballypalidy  differed  from  those  elsewhere  in  being  of  sedimentary  origin. 

*  Bog-ores  frequently  contain  a  high  percentage  of  phosphorus,  but  it  appears  that  lake-ores 
are  in  some  cases,  at  any  rate,  comparatiyely  free  from  it  (Bisohof's  Chemical  Geology,  I,  167). 

>  Quart  Joum.  Qeol.  Soc.,  Vol.  XXVI,  p.  164. 

*  British  Association  Report,  1874  Geological  Section,  p.  70. 
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now  accumulating  in  Central  America,  where,  on  the  uneven  surfaces  formed  by 
snccessiye  but  unequal  flows  of  dolerite,  there  are  shallow  expanses  or  lakes  of 
water.  In  such  lakes  the  first  accumulations  are  necessarily  the  detritus  or  dis- 
integrated portions  of  the  surrounding  rocks  carried  into  them  by  rain  and  rivu- 
lets or  wind,  which  may  or  may  not  have  been  augmented  by  showers  of  volcanic 
tuif .  A  necessary  accompaniment  of  the  decomposition  of  the  detritus  of  the 
dolerite  was  the  formation  of  iron-ores,  which  more  or  less  impregnated  the 
strata ;  thus  the  lithomarge  would  be  formed.  The  aluminous-ore  appears  to 
have  been  due  to  a  longer  water  carriage,  alumina  and  iron  held  in  solution  being 
carried  and  deposited  during  hot  weather.  Somewhat  similar  action  takes  place 
at  the  present  day  in  many  places  in  Ireland,  as,  during  the  summer  heat,  waters, ' 
which  at  other  times  are  perfectly  clear,  get  thick  and  muddy  as  they  become 
shallow,  depositing  argillaceous  peroxide  of  iron.  The  pisolitic  accumula- 
tions were  probably  due  to  the  presence  of  organic  matter  that  attracted  the  iron. 
These  shallow  lakes  in  some  instances  became  marshes  or  even  peat-bogs,  the 
latter  being  now  represented  by  the  lignite."* 

The  ferruginous  beds  of  Antrim,  although  bearing  a  considerable  general 
resemblance  to  Indian  laterite,  are  still  by  no  means  lithologically  identical  with 
it.  The  top  bed,  which  is  that  principally  worked  for  ore,  generally  consists  of 
a  more  or  less  indurated  red  or  brown  (according  to  the  state  of  hydration) 
ochreous  matrix,  through  which  pisolitic  spheroids  are  more  or  less  thickly 
scattered.  Sometimes,  as  at  the  Glenariff  mines,  the  spheroids  make  up  the 
greater  portion  of  the  ores.  In  the  lower  beds,  which  are  more  aluminous  and 
less  highly  ferruginous,  the  pisolitic  character  is  comparatively  faintly  developed. 
But  the  rock,  as  far  as  my  experience  goes,  is  very  nearly  always  compact,  in  the 
sense  of  being  free  from  cavities.  I  have  never  seen  it  largely  cellular.  "  In 
many  forms  of  laterite,"  on  the  contrary,  "  the  rock  is  traversed  by  small  irregular 
tortuous  tubes,  from  a  quarter  of  an  inch  to  upwards  [of  an  inch  in  diameter. 
The  tubes  are  most  commonly  vertical,  or  nearly  vertical,  but  their  direction  is 
quite  irregular,  and  sometimes  they  are  horizontal;  they  are  usually  lined 
throughout  with  a  crust  of  limonite,  and  are  often  filled  with  clay,  except  near 
the  surface."*  Such  tubes,  however,  although  very  common,  are  by  no  means 
universal.  A  good  deal  of  the  laterite  is  as  free  from  cavities  as  the  Antrim 
ores.  Many  examples  of  such  are  contained  in  the  Greological  Museum  collections. 
Possibly  the  occurrence  of  tubes  in  the  laterite,  and  not  in  the  Antrim  beds, 
may  be  connected  with  the  fact  that  the  latter  are  protected  by  a  covering  of 
basaJi,  while  the  surface  of  the  Indian  rock  is  freely  exposed  to  atmospheric 
influences. 

The  mottled  or  blotchy  character  of  a  very  common  form  of  laterite,  due  to 
segregation  of  the  iron  in  the  harder  portions,  while  the  softer  contain  little  or 
none,*  is  a  peculiarity  not  quite  absent  from,  but  si^,  as  far  as  I  have  seen, 
very  faintly  developed  in,  the  Antrim  ore.* 

*  Geology  of  Ireland,  p.  166. 

*  Manual  of  the  Qeology  of  India,  p.  850. 
» Ihid. 

*  The  lithomarge  beneath  is  very  frequently  speckled,  vidt  p.  140. 
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The  iron  in  the  Antrim  ores,  whilst  occurring  mainly  in  the  state  of  hydrous 
and  anhydrous  peroxide,  also  exists  as  magnetic  oxide.  Usually  some,  some- 
times most  or  all,  of  the  pisolitic  spheroids  attract  the  needle.  An  analysis  by 
Dr.  Apjohn,  however,  of  magnetic  spheroids  from  the  Red  Bay  ore  showed  that 
the  main  portion  of  the  iron,  even  in  them,  was  in  the  state  of  peroxide.  They 
contained  51'37  per  cent,  ferric  oxide  and  11* 74  of  magnetic  oxide.  ^  A  portion 
of  the  ore  at  the  GlenarifE  mines  is,  in  considerable  part  at  leasts  magnetic 
oxide. 

In  laterite,  on  the  contrary,  magnetic  oxide  seems  to  be  very  exceptional. 
Mr.  Blanford  does  not  allude  to  it,  and  out  of  numerous  typical  specimens  in  the 
museum,  from  various  parts  of  India^  that  I  examined,  only  one  had  any  action 
on  the  magnet. 

The  published  analyses  of  the  Antrim  ferruginous  rocks  and  of  Indian  late- 
rite  might  lead  one  to  suppose  that  the  average  percentage  of  iron  was  consider- 
ably higher  in  the  former.  Six  analyses  of  the  pisolitic  ore  are  given  in  Messrs. 
Tate  and  Holden's  paper,  in  which  the  ferric  oxide  ranges  from  45*0  to  81'5  per 
cent.  (=  31*5  to  65*2  per  cent,  of  iron).'  The  percentages  of  ferric  oxide  in 
nine  samples  of  laterite  from  various  widely  separated  localities  were  found  on 
assay  to  range  from  21*4  to  60*8  per  cent.  (=  15*0  to  35*6  per  cent,  of  iron).' 
'  The  first  mentioned  analyses  are  all,  however,  of  ore  from  the  pisolitic  band,  which 
is  by  far  the  richest  in  iron,  and  which  alone  furnishes  ore  of  first  quality.  I 
do  not  know  that  the  average  percentage  in  all  the  ferruginous  beds  overlying 
the  lithomarge  would  be  found  higher  than  that  in  laterite,  and  portions  of  the 
latter  contain  much  higher  percentages  than  those  quoted.  A  lateritic  limonite 
from  the  Jabalpiir  district  which  I  have  recently  assayed  yielded  76*1  per  cent, 
of  peroxide. 

The  Antrim  beds  occur  in  the  middle  of  the  basaltic  rocks,  separating  them 
into  a  lower  and  an  upper  division :  the  laterite  associated  with  the  volcanic 
rocks  of  India  overlies  them.  The  thickness  of  the  Indian' rock  again  is,  in 
some  areas  at  least,  much  greater  than  anything  met  with  in  Antrim.  The 
high-level  laterite  is  sometimes  100  or  even  200  feet  in  thickness,^  while  the 
thickness  of  the  beds  above  the  lithomarge  in  Antrim  can,  I  believe,  always  be 
indicated  by  one  figure.  The  former  difference  may,  however,  perhaps  be  re- 
garded as  the  cause  of  the  latter.  The  time  available  for  the  accumulation  of 
the  Antrim  beds  was  merely  that  between  the  earlier  and  the  later  periods  of 
volcanic  eruption,  which  may  have  been  of  comparatively  short  duration.  The 
Indian  laterite-forming  period^  having  commenced  only  at  (or  after)  the  close 
of  the  eruptive  epoch,  there  was,  in  as  far  as  interference  from  volcanic  over- 
flowB  was  concerned,  an  unlimited  time  for  its  accumulation. 

>  Quart.  Joum.  Geo!.  Soc.,  XXVI,  158. 

*  Quart.  Joum.  Geol.  Soc ,  XXVI,  150.    Bauermau  (quoted  by  Kinahan)  says  the  ore  contaizu 
from  80  to  70  per  cent,  of  iron. 

*  Manual  of  the  Geology  of  India,  p.  850. 
« Ihid,,  pp.  854,  855,  856. 

A  I,  of  coarse,  allude  only  to  the  laterite  associated  with  the  volcanic  rocks  of  India. 
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The  litHomarge  UTiderljing  the  Antrim  beds,  and  that  beneath  the  laterite, 
or  perhaps  I  should  say  the  first  of  tbe  two  forms  described  by  Mr.  Blanford,* 
are  so  similar  that  I  am  unable  to  indicate  any  lithological  distinction  between 
them,  except  that  I  have  not  observed  any  pipes  in  the  Irish  rock.  Mr.  Kinahan 
remarks  that  *'  the  bright-coloured  lithomarges  "  (of  Antrim)  *'  are  identical  in 
aspect  with  some  of  the  varieties  of  steatitic  laterites  collected  by  Wynne  in 
Kutch,  India."* 

I  scarcely  think  that  the  points  of  variance  I  have  indicated  above  suffice  to 
essentially  differentiate  the  Irish  from  the  Indian  rocks.  There  remain  the  very 
important  points  in  which  they  agree.  Both  are  argillaceous,  often  pisolitic,  forms 
of  highly  ferruginous  rock  ;  the  iron  in  both  is  mainly  in  the  state  of  hydrous  and 
anhydrous  ferric  oxide.  Both  are  associated  over  wide  areas  with  underlying 
lithomargic  beds,  and  both  are  intimately  connected  in  some  way  with  volcanic 
rocks. 

It  is  therefore,  I  think,  worth  consideration  whether  the  view  taken  by  the 
Irish  Geologists  as  to  the  origin  of  the  Antrim  beds,  may  not  be  found  applica- 
ble to  some  of  those  in  India.  The  fact  alluded  to  by  Mr.  Kinahan,  that 
''dojpng  the  summer  heat,  waters,  which  at  other  times  are  perfectly  clear, 
get  thick  and  muddy  as  they  become  shallow,  depositing  argillaceous  peroxide  of 
iron,"  coupled  with  the  warm  or  sub-tropical  climate  which  is  believed  to  have 
characterised  the  miocene  epoch  in  Europe — the  epoch  to  which  the  Antrim 
heds  belongs — ^is,  I  think,  very  suggestive  with  reference  to  the  wide  spread 
occurrence  of  comparatively  recent  argillo-ferruginous  rocks  in  India  and  some 
adjacent  countries.  It  is  scarcely  necessary  here  to  recall  the  method  in 
which  bog  and  lacustrine  deposits  of  iron  are  considered  to  have  originated. 
During  the  decay  of  vegetable  matter,  oxygen  is  absorbed,  and  amongst  the 
products  of  alteration  are  carbonic,  together  with  some  organic,  acids.  Where 
freely  exposed  to  the  air,  it  is,  of  course,  from  the  atmosphere  that  the  oxygen 
is  derived ;  but  where  the  decaying  matter  is  in  contact  with  the  higher  oxides 
of  iron,  as  in  soils  derived  from  the  disintegration  of  ferruginous  rocks,  it  has 
the  power  of  abstracting  oxygen  from  them  and  reducing  them  to  protoxide. 
The  carbonic  acid  unites  with  the  latter,  forming  ferrous  carbonate,  which  is 
aoluble  in  water  containing  an  excess  of  carbonic  acid.  The  water,  then,  drain- 
ing from  such  soik,  and  collecting  into  rivulets  and  streams,  is  more  or  less 
chalybeate.  But  in  contact  with  aii  the  ferrous  carbonate  is  rapidly  decomposed 
with  escape  of  carbonic  acid  and  re-oxidation  of  the  iron  to  ferric  oxide.  A  portion 
is  thus  precipitated  during  the  flow  of  the  water  along  its  river-bed,  but  in  such 
a  finely  divided  state  that  the  gentlest  current  is  sufficient  to  keep  the  oxide  in 
snspension.  It  is  thus  carried  along,  together  with  the  carbonate  remaining  in 
iiolution,  until,  entering  some  expanse  of  stagnant  water,  it  slowly  sinks  to  the 
bottom.  The  ferrous  carbonate  is  here  further  decomposed,  forming  a  thin 
film  of  oxide  rm  the  surface,  which  breaks  up  and  sinks,  to   be  replaced  by 

**  Mannal  of  tbe  Geology  of  India,  p.  868. 
"*  Geology  of  Ireland,  p.  IGS. 
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another  gradually  formed  film  of  the  same  kind.  A  portion  of  the  iron  also  is,  in 
some  cases,  deposited  through  the  agency  of  living  organisms.  The  organic 
acids  form  salts  of  iron,  which  are  of  frequent  occurrence  in  bog-ores. ' 

Now,  as  the  original '  leaching  out '  of  the  iron  from  the  ferruginous  soil  depends 
on  the  decay  of  vegetable  matter,  it  is  not  unreasonable  to  suppose  that  the 
quantity  so  extracted  will  bear  some  relation  to  the  luxuriance  of  the  vegetation 
and  the  rapidity  of  its  decay,  which  are  themselves  intimately  connected  with 
high  temperature  and  humidity  of  climate.  It  is  doubtless  true  that  lacustrine  de- 
posits of  iron  are  being  formed  in  comparatively  high  latitudes  at  the  present 
day.  More  than  a  thousand  lakes  in  Sweden,  Norway,  Finland,  and  Northern 
Russia  are  said  to  afPord  examples  of  this.'  But  expanses  of  water  for  the 
ore  to  form  in  are  a  necessary  condition,  as  well  as  decaying  vegetable  matter 
to  extract  the  iron,  and  lakes  are  far  more  numerous  in  high  than  in  low 
latitudes.  At  the  present  time,  while  the  lakes  of  Northern  Europe  are  to  be 
numbered  by  hundreds,  those  in  Peninsular  India  of  any  size  may  be  counted 
on  one*s  fingers.  Other  conditions  being  similar,  it  appears  probable  that 
lacustrine  ore  would  form  more  abundantly  in  a  hot  and  humid,  than  in  a  cold, 
climate.' 

The  view  that  high-level  laterite  is  of  lacustrine,  and,  in  so  far  as  the  iron  is 
concerned,  of  chemical  origin^  seems  to  offer  an  explanation  of  the  high  per- 
centage of  iron  in  the  rock,  as  well  as  of  its  tolerably  uniform  diffusion  over  wide 
areas.  It  at  the  same  time  presents  an  apparent  reason  for  the  undoubted  partly 
detrital  character  of  the  laterite  in  some  areas,*  materials  in  solution  and  carried 
along  mechanically  having  entered  the  lakes  together  and  been  deposited  toge- 
ther in  varying  relative  proportions.  It  also  affords  a  seemingly  plausible 
explanation  of  the  connection  between  the  trappean  and  lateritic  rocks  of  India, 
as  well  as  the  occurrence  of  laterite  unconnected  with  volcanic  overflows.  Any 
ferruginous  rock  may,  if  the  necessary  conditions  are  present,  have  its  iron  leached 
out  to  be  subsequently  concentrated  elsewhere ;  but  the  trappean  rocks  are  those 
which  combine  in  the  highest  degree  a  widely  extended  area  and  a  considerable 
percentage  of  iron. 

In  considering  the  question  of  how  far  the  present  position  of  the  high-level 
laterite  supports,  or  is  adverse  to,  the  supposition  of  a  series  of  lakes  and  marshes 
having  at  one  time  existed  in  the  lateritic  area^  the  post-tertiary  changes  of  level 

>  Vide  Bischof  8  Chemical  and  Pbysical  Geology*  I,  166.  Leconte's  Elements  of  Geology, 
pp  186,  874^  &c.,  &c. 

•  Biechof,  1, 170. 

3  Mr.  Blanford  bas  discntsed  the  evidence  tending  to  show  thnt  the  cliirate  of  India  was  colder 
dnring  the  glacial  epoch  of  Enrope  than  it  is  at  present  (Manual,  p.  872).    Bnt  there  does  not  seem 
to  be  any  reason  to  suppose  that  dnring  other  portions  of  the  tertiary  period,  the  temperature  was 
lower  than  it  is  now. 

*  The  action  of  decaying  yegetable  matter  should,  it  seems  to  me,  be  classed  as  chemical  rather 
than  organic  (in  a  geological  sense),  for  although  the  changes  are  produced  through  the  agency  of 
organic  matter,  the  latter  acts  merely  chemically  and  not  through  its  vitijity,  which  is  extinct. 

^  Manuiil,  p.  363.    Memoirs,  II,  86. 
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in  ihe  Indian  Peninsula  discussed  by  Mr.  Blanford'  should  not  be  lost  sigbt  of, 
althoDgb  he  considers  that  the  relative  changes  of  level  in  the  Deocan  have  not 
been  very  great.*  The  mere  fact  that  laterite  is  frequently  found  capping  the 
highest  eminences  cannot  be  taken  as  an  argument  against  its  lacustrine  origin, 
for,  as  Mr.  Blanford  has  pointed  out,'  it  resists  disintegration  far  better  than 
most  of  the  trappean  rocks.  Although  now,  therefore,  often  covering  some  of  the 
highest  ground,  it  may  at  the  time  of  its  formation  have  occupied  the  lowest.^ 

Doubtless  the  view  I  have  alluded  to  is  not  without  its  difficulties.  I  havo 
not  brought  it  forward  under  the  supposition  that  it  affords  a  complete  and  in 
every  way  satisfactory  solution  of  the  laterite  problem,  but  as  one  with  at  least 
sufficient  i^rfin a /acie  plausibility  about  it  to  render  it  worthy  of  discussion.  The 
intertrappean  beds  near  the  base  and  in  the  upper  portion  of  the  volcanic  series 
show  that  lakes  and  marshes  did  exist  at  times,  and  it  may  very  well  be  asked 
why  no  laterite  was  deposited  in  them.  Whatever  view,  however,  be  taken  of 
the  origin  of  ihe  rock,  its  non-occurrence  interstratified  with  the  volcanic  flows 
seems  to  be  difficult  of  explanation.' 

The  foregoing  remarks  refer  more  especially  to  the  high-level  laterite 
connected  with  the  volcanic  rocks  of  India.  In  other  parts  of  the  country, 
'original  laterite'  (as  contradistinguished  from  the  detrital  variety  derived  from 
the  degradation  of  pre-existing  laterite)  seems  to  exist  in  positions  where  no 
such  connection  can  be  traced.'  Mr.  Theobald,  for  instance,  describes  laterite 
in  Pegu  as  forming  a  portion  of  the  older  alluvium,  and  as  of  estuarine  origin. 
He  points  out  that  the  materials  from  which  it  has  been  formed  have  been  de- 
rived from  the  metamorphic  rocks  of  the  Poungloung  ranges,  and  in  a  less  degree 
from  the  tertiaries  of  the  Pegu  range.'  In  these  cases,  also,  the  iron  may  have 
been  leached  out,  and  subsequently  concentrated,  through  the  agency  of  vege- 
table decay,  not  through  mechanical  degradation  alone. 

'  Mannal,  p.  876. 
"  Ihd^  p.  869. 
>  Ibid.,  p.  363. 

*  Striking  examples  of  aa.  analogous  kind  are  to  be  seen  in  the  volcanic  district  of  Aavergne. 
The  ontbarsts  there  took  place  on  a  granitic  plateau,  which  is  fringed  by  a  series  of  valleys  and  spurs 
leading  down  to,  and  overlooking,  the  plain  of  the  Limagne.  The  flows  of  lava  at  the  time  of  their 
emission  of  course,  like  any  other  fluid,  chose  the  lowest  ground  they  could  find ;  the  wore  recent 
oonseqaenUy  fill  up  the  bottoms  of  the  present  valleys ;  but  owing  to  the  rapidity  with  which  the 
granite  is  disintegrated  in  comparison  to  the  basaltic  lava,  the  remnants  ot  the  most  ancient 
streanu  are  found  capping  some  of  the  highest  cpurs  and  isolnted  hills.  Yet  the  earliest  >  olcanie 
ontbarsts  are  believed  to  be  of  Upper  Eocene  data,  or  more  recent,  perhaps,  than  some  of  the  higb- 
level  Uterite  (vide  Manual,  p.  xiii). 

*  There  are  indeed  layers  of  red  bole  here  and  there,  interbedded  with  the  traps,  which  Mr. 
BUttford  considers  have  had  a  similar  origin  with  the  laterite  (Manual,  pp.  304,  367).  Kxactly 
similar  layers  are  met  with  in  the  volcanic  rocks  of  Antrim.  They  are  regarded  by  Sir  C.  Lyell  as 
representing  ancient  soik,  formed  by  superficial  decomposition  of  the  lava  "  or  where  volcanic 
sand  has  been  thrown  down  fi'om  above  or  washed  over  the  older  lava  by  torrents  and  floods  " 
(British  Association  Report,  1874^  Geological  Section,  p.  69.    PhU.  Trans.,  1858,  p.  711). 

*  Mr.  Foots  (Memoirs,  X,  27)  draws  a  marked  distinction  between  '  true  sedimoutary  laterite' 
sad  the  rock  which  is  associated  with  volcanic  products. 

Memoirs,  X,  56. 
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The  general  question  admits,  in  some  degree,  of  being  pnt  to  tLe  proof.  If 
the  view  indicated  above  be  a  correct  one,  the  water  of  the  streams  flowiu^y 
through  the  trappean  area,  especially  in  the  portions  where  the  climate  is  most 
humid,  ought  to  contain  an  appreciable  amount  of  iron  in  solution,  and  the  ex- 
amination of  the  mud  at  the  bottom  of  some  of  the  old  artificial  lakes  in  the 
volcanic  area  (in  localities  where  no  laterite  exists  in  the  catchment  area)  would 
show  whether  anything  resembling  laterite  is  now  being  formed  in  such  posi- 
tions. 

In  the  Geological  Magazine  for  July  1880,  Mr.  W.  J.  McGee  of  Farley,  Iowa, 
LT.  S.  A.,  compares  the  ferriferous  deposits  of  the  Upper  Mississippi  basin  with 
Indian  laterite  in  reference  to  the  origin  of  the  latter.  **  Briefly  the  Missis- 
sippi valley  ores  are  attributed  to  the  agency  of  decomposing  vegetable  matter 
in  liberating  the  iron  from  adjacent  rocks  and  earths,  and  the  subsequent 
Combination  of  this  iron  with  the  atmospheric  oxygen.  This  pi-operty  of  v^tal 
Solution  was  long  ago  pointed  out  by  Dr.  S terry  Hunt.  Accordingly,  the  iron  is 
most  abundant  in  those  formations  and  localities  in  which  the  decomposition  of 
vegetable  matter  has  been  greatest.  In  accordance  with  the  principle  indicated 
above,  it  may  be  suggested  that  the  Indian  laterite  is  the  product  of  the  alter- 
ation in  situ  of  the  underlying  rocks  by  the  usually  recognised  atmospheric 
and  chemical  agencies,  modified  by  the  action  of  decomposing  vegetation.  In 
consequence  of  the  operation  of  this  last  factor,  all  the  iron  of  the  rocks  has 
probably  been  retained  near  its  original  position  (and  possibly  increased  through 
metasomatism),  while  other  elements  have  been  borne  off  in  the  winds  or  carried 
down  t-o  the  sea.  The  accumulation  of  laterite  in  any  region  would,  if  this 
view  be  correct,  depend  (1)  on  the  solubility  of  the  basal  rock;  (2)  on  the  pro- 
portion of  contained  iron  ;  (3)  on  the  fertility  of  the  soil  formed  by  its  disinte- 
gration ;  and  (4)  very  largely  on  the  climate  of  the  region." 

It  will  be  observed  that  Mr.  McGee  ascribes  to  decomposing  vegetation  a 
large  share  in  the  production  of  the  rock  in  question,  a  view  in  favour  of  which 
there  is,  I  think,  much  to  be  said.  But  that  laterite  is  a  product  of  alteration 
in  situ  of  the  underlying  rocks  is  a  view  open  to  serious  objections,  which  have 
been  fully  discussed  by  Mr.  Blanford.*  I  need  not  therefore  allude  to  them 
here,  but  they  are  not,  as  it  seenls  to  me,  removed  by  an  appeal  to  the  agency 
just  alluded. 

iiotes  on  some  Riijmahal^Za?^^*. — Bt/  OitokarFeistmantel,  M.  D.,  PalteoiUologiit^ 

'   Geological  Survey  of  India, 

(With  Plates  I  and  II). 

In  the  preface  recently  issued  for  the  second  volume  of  the  Gondwana  flora,* 
I  have  given  the  entire  list  of  plants  known  up  to  date  from  the  upper  portion 
of  the  Gondwana  system.  I  have  introduced  in  it  some  alterations  regarding 
the  systematical  position  of  several  plants,  as  required  by  recent  systems  of 
classification,  and  after  re-examination  of  the  specimens  concerned.     As  I  could 

I  Manual,  p.  860. 

*  Vfk\.  ludica,  1880  (cuiisistiiig  of  Noi.  1  and  2  of  Ser.  XI). 
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not  then  give  any  illustrations,  I  do  so  now  of  two  of  the  most  interesting 
species  from  the  B^jmahal  group,  the  systematical  position  of  which  needed 
readjustment,  and  I  add  figures  of  a  few  others  from  the  same  group. 

FILICES! 
Family:  CYATHEACEJE. 

Genus :  Dicksonia,  L'H^it. 
(1877.    FeiBtmantel :  Bajmahil  flora,  Cont.  Pal.  Ind.,  Ser.  II-2,  p.  75). 

A  real  Bicksonia  was  described  by  me  (Z.  c,  pp.  76-77)  from  the  Rajmahil 
group  in  the  Bajmahal  hills,  at  about  the  same  time  as  Prof.  Heer  introduced 
this  genus  in  his  Jurassic  Flora  of  Eastern  Siberia  and  the  Amur  countries, 
80  that  in  this  case  I  acted  entirely  independently  of  this  author.  There  remained, 
however,  several  other  forms  (especially  amongst  the  Sphenopteridece)  with  their 
older  names,  which  have  now  to  be  included  in  this  genus,  as  has  been  indicated 
by  Prof.  Schimper  in  his  most  recent  work  on  general  phytopalaBontology  ;^  and 
this  has  been  done  in  the  aforesaid  list.  These  forms,  which  are  now  to  be  placed 
with  Dicksonia,  are :  Sphenopteris  comp.  arguta,  L.  and  H.,  and  Hymenophyllites 
hunhuryanus,  Oldh.  and  Morr.,  sp. 

A  third  species  was  classed  before  with  Pecopterls,  and  to  this  specially  my 
remarks  will  refer. 

DiCKSOKU  (Pecoptbbis)  lobata,  Oldh.  and  Morr.,  sp»  (Pstm.)  PI.  I,  figs.  1-2. 

1862.    FecopierU  lohata,  Oldh.  and  Morr. :  Pal.  Ind.,  Ser.  II-l,  p.  52,  PL  XXVIII, 

fig.  1,  Pl8.  XXIX,  XXX. 
1877.    Feietmantel :  I,  c,  p.  92,  PI.  XXXVI,  fig.  3  (comparing  it  with  Dicks,  hindra' 

hunefuU).  * 

1879.  Schimper,  in  "Handbuch   der    Palieontologie "  by  Zittel   and    Schimper^ 

Vol.  IM,  p.  94. 

1880.  Feistmautel,  with  Dicksonia  :  Preface  to  Vol.  II,  GondwKna  Flora,  p.  xii. 

In  my  continnation  of  the  Bdjmahdl  flora  (I.  c,  p.  92),  I  pointed  to  the  re- 
semblance of  the  fructificating  specimens  of  this  species  to  Dicksonia  hindra^ 
huTiensis,  then  described  by  me  ;  I  did  not,  however,  then  attempt  to  definitely 
establisb  this  view.  In  my  list  of  the  Upper  Gondwdna  fossils  in  the  preface 
to  the  second  volume  of  the  Gondwdna  flora,  I  have  included  this  species  with' 
Dicksonia,  and  I  give  now  (on  PL  I)  a  few  illustrations  for  explanation. 

In  Pi.  I,  fig.  2,  is  one  pinna  of  the  original  (specimen)  figured  in  Dr.  Oldham's 
and  Prof.  Morria'  Bajmahdl  flora  (1862),  PI.  XXX*  ;  it  represents  a  sterile 
frond ;  fig.  2a  shows  a  pinnula  enlarged,  with  the  only  veins  visible. 

Fig.  1  represents  two  pinnulae  of  a  specimen  which  was  not  figured  before, 
but  which  I  found  amongst  those  brought,  I  believe,  by  Mr.  V.  Ball.  The 
^ecimen  somewhat  resembles  that  mentioned  above    (figured  in  the   Bijmahiil 

• 

^  Zittel  and  Schiuiper:  Handbnch  der  Palaeontologie,  II  6d.,  Ite  Liefemng  (by  Schimper). 
O&l;  so  much  (Alge  Filices)  is  as  yet  published. 

*  The  Bpecimeu  figared  on  PI.  XX1X»  fig.  1,  is  the  same  as  that  on  PI.  XXX. 
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flora,  PI.  XXX))  but  tbe  pinnulad  are  in  fructification  thronghont;  figs,  la 
and  \h  are  enlarged  portions  of  the  right  pinna,  to  show  the  position  of  the 
fructification. 

When  discussing  the  Dicksonia  hindrahunensis,  ^  I  alluded  to  this  fructificatioxi, 
writing  (I.  c.)  :  "  If  I  am  not  wrong  then,  the  species  which  Messrs.  Oldham 
and  Morris  described  as  Pecopteris  lohata,  O.  M.,  could  perhaps,  from  the  fructifi- 
cation, be  put  rather  also  near  this  form."  If  we  compare  these  two  forms,  we 
shall  find  a  great  analogy  a?  regards  the  position  of  the  sporanges,  but  in 
Dicksonia  hindrahunensis,  Fstm.,  they  are  much  smaller,  while  in  Fecopt.  lohata^ 
Oldh.  and  Morr.,  they  occupy  almost  one. half  of  the  pinnula-lobe  and  are  yery 
prominent ;  they  are  placed  on  that  half  of  the  lobe  which  is  turned  away  from 
the  rhachis  of  the  pinna ;  towards  the  apex  of  the  pinna  the  pinnulsB  become 
less  lobed,  until  they  become  single  lobes  themselves,  and  in  these  apical  lobes 
also  the  fructification  is  of  the  same  character.  I  could  find  no  trace  of  veins 
by  most  careful  search. 

This  form  then  increases  the  number  of  the  fossil  species  of  Dicksonia. 

It  is  from  Bindrabun,  N.-W.  Rajmahal  hills. 

TJSNIOPTERIDE^. 
Angiopteeidium  spathulatum.  pi.  I,  fig.  3. 

1862-77.    Qondwima  flora.  Vol.  I,  p.  89  (Oldh.  and  Morr.),  97  (Fstm.) 

I  figure  this  specimen,  which  is  of  exactly  the  same  type  as  those  figurcd  on 
Pl.  YI  of  Messrs.  Oldham  and  Morris'  B.ajmah41  flora  (I.  c),  only  because  it 
comes  from  a  new  locality ;  it  occurs  together  with  another  plant  to  be  mentioned 
hereafter  on  the  same  rock  specimen,  which  bears  the  inscription  "  Sikragullee," 
and  there  is  little  doubt  that  it  comes  from  the  small  outlier  of  Bajmah^  beds 
on  the  Ganges,  east  of  Sahibganj.  It  is  preserved  in  a  light  olive-green  shale, 
the  impressions  of  the  leaves  being  quite  white. 

LYCOPODIACE^. 

I  have  only  recently  introduced  this  order  into  the  list  of  the  Upper 
Oondw&na  fossils  (Z.  c,  p.  xix),  with  one  species  formerly  described  in  quite  a 
diflerent  class. 

Ltcopoditbs  gracilis,  Oldh.  Morr.,  sp.  (Fstm.,  1880),  PI.  II,  fig,  2. 

1862.    Oldham  and  Morris :  Kajmahdl  flora,  PI.  XXXIII,  figs.  1-2.    (Name  in  the  ex* 

planation  of  tbe  plate  only). 
1877.     Feistmanttfl :  Cheirolepit,  Rijmahil  flora,  Cont.  p.  139. 
1880.    Lycopodites,  GondwAna  flora,  Vol.  II,  preface,  p.  xix. 

When  first  describing  this  plant  (I,  c),  I  placed  it  by  the  characters  then 
known  to  me  with  Cheirolepit ;  but  I  then  already  noted  in  my  diagnosis : 
** Flania  iota  kahitum  Lycopodii  immitante** 

'  Gondwiaa  flora,  Vol.  I,  p.  77« 
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Lately  I  discoyered  a  specimen  in  oar  collections  with  an  apical  cone-like 
fructification,  entirely  after  the  manner  of  some  living  Lycopodiacece,  The 
leaflets  (which,  howeyer,  in  this  specimen  do  not  show  well  the  tetrastichons 
disposition)  become,  from  the  place  of  ramification,  smaller  and  smaller  towards  the 
apical  portion  of  the  branchlets  nntil  thej  pass  into  the  cone-like  fructification. 
There  can  be  little  doubt  about  the  lycopodiaceotis  nature  of  this  fossil  now, 
which  was  already  suspected  also  by  Prof.  Heer  in  his  Jurassic  Flora  of  Eastern 
Siberia. 

Fig.  9a  shows  some  of  the  branchlets  enlarged. 

This  species  is  from  Bindrabun,  N.  W.  B&jmahil  hills. 

CTCADEACE^. 

Order:    ZAMIJSJE. 

eub-order:  Diottozaicib& 
DiCTTOZAMITES   INDICUS,    Fstm.   PI.   II,    fig.  1. 

I  giye  another  figure  of  this  interesting  species,  because  it  is  rather  rare  in  the 
R4jmah&l  hills,  and  because  it  comes  from  a  new  locality,  Sikragali,  the  same, 
as  already  mentioned  before,  with  Angiopteridium  spathulatum,  with  which  it 
occurs  on  the  same  rock  specimen. 

CONIFERJS. 

Palissta  ihdica,  Oldham  &  Morr.  sp.  (Fstm.)  PI.  II,  ftgs.  3,  3a. 

There  is  little  doubt  that  the  specimen  figured  at  present  belongs  to  the  above 
species,  although  it  somewhat  di£Eers  in  the  manner  of  ramification  from  the 
original  drawing  in  Messrs.  Oldham  and  Morris'  Rfijmahdl  flora  (PI.  XXXIII), 
and  given  again  from  the  type  specimen  in  my  Jabalpdr  flora.^  On  the  other 
hand,  it  shows  a  great  analogy  with  a  plant  which  Prof.  Heer  in  his  paper  on  the 
permian  plants  from  Piinfkirchen  in  Hungary*  described  as  VoUzia  hungarica,  Hr. 
There  is  little  of  VoUzia-like  appearance  in  the  latter  species,  a  view  which  we 
find  also  expressed  in  Mr.  D.  Stur's  review  of  Heer's  paper."  Prof.  Heer's  figure 
resembles  indeed  much  more  a  Palissya,  and  seems  to  differ  from  my  present 
drawing  by  its  size  only.  Figs.  2b  and  35  (Heer,  I.  c,  PL  XXII)  show  the 
leaflets  with  the  middle  vein,  but  the  drawing  gives  an  impression  as  if  there 
were  three  veins,  just  ad  is  the  case  with  one  of  the  original  drawings  of  Palifsya 
Mica  (Oldham  and  Morris,  I,  c.  )/  but  which  appearance  was  pointed  out  by 
Prof.  Heer  as  being  not  a  character  of  Palissya.  I  therefore  draw  special  atten- 
tion to  Prof.  Heer's  figures  of  the  leaflets  with  the  middle  vein. 

If  Prof  Heer's  fossil  is,  as  from  the  figure  it  would  seem  most  naturally  to  be, 

1  Qondwina  flora.  Vol.  II,  pt.  2,  PI.  VIII,  fig.  1. 

3  Jahrb.  d.  koDgl.  UDgarischen  Gcol.    Anstalt,  V  Bd.,  1  Hi.,  1876,  pp.  12-14^  Pis.  XXII 
XXXII. 

*  Vtfb.  der.  kk.  Qaol.    ReichtanstiUt,  1877,  p.  4S. 

•  PI.  XXXIII,  fig.  6. 
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also  placed  witli  this  genus,  it  would  represent  a  permian  forerunner  of  the  subse- 
quent mesozoic  forms.     The  table  of  sequence  would  be  this — 

Palissya  indica,  Oldham  sp.  (Fstm.)  Upper  Gondwiina  (Jura),  India. 

Palissya  hrauni^  Endl.  Rhat.  aud  Lias,  Europe. 

Palissya  Kungaricaj  Heer.  sp.     Permian,  Europe. 

Our  specimen  is  from  Bindrabun,    N.  W.  Rajmahdl  hills. 
•   Fig.  3a  shows' enlarged  leaflets  with  the  middle  vein. 

Cheirolbpis  comp.  MiiNsxBBi,  Schimp.  PI.  II,  fig.  4.      • 
1877.  FeUtmantel :   Golapili  flora.  GoudwAna  flora.  Vol.  I,  p.  185,  pi.  VII,  fig.  8. 

I  have  figured  this  fragment  of  a  coniferous  plant,  because  it  is  the  first  of 
this  kind  from  the  Rajmah^l  hills.  An  entirely  like  form  was  figured  by  myself 
from  the  Rdjmahdl  group  of  Golapili  ( /.  c.  above),  and  a  similar  form  was  men- 
tioned by  me  from  the  sandstones  near  Jangaon  in  the  Central  Provinces,  which 
I  also  tried  to  correlate  with  the  Rajmah^l  group. 

The  present  specimen  is  from  Bindrabun,  N.  W.  lUjmah^l  hills. 


The  list  of  loccJities  where  fossils  in  the  RajmahAl  group  were  found  (Vol.  I, 
Gondw^na  flora,  preface)  is  therefore  here  increased  by  one  locality — 

Sikragali,  on  the  Ganges,  about  2  miles  east  of  Sahibganj.  The  tossiU  identi. 
fled  from  here  are  : 

Angiopteridium  spathulatnmy  Schimp.  (PI.  I,  ^g,  3). 

Dictyozamites  indicus,  Fstm.  (PL  II,  fig^  1). 

Explanation  of  Plates. 
Plate  I,  figs.  1,  2.     Dicksonia  Idhata,  Oldham,  sp.,  formerly  described  as  Pecop/erw. 

Fig.  1,  two  pinnae  of  a  specimen  in  fructification.     Fig.  2,  a 

pinna  of  a  sterile  specimen.     Figs.  la,  15,  and  2a,  enlarged 

portions.     From  Bindrabun,  Rajmah&l  hills. 
Fig.     3.     Angiopteridium  sjpathulatumy    Schimp,     One  specimen  of  the 

typical  form.      . 

From  Sikragali,  N.  R&jmahdl  hills. 
Plate  II,    flg.    1.     Dictyozamites  indlcus,  Fstm.  From  Sikragali. 

„       la.    One  leaflet  enlarged,  showing  the  netted  venation. 
Fig.     2.     Lycopodites  gracilis,  Oldham,  sp.  (Fstm.)   The  specimen   in 

natural  size,  showing  the  dichotomous  branchleis,  with  apical 

cone-Hke  fructification. 
Fig.     2a.  Is  a  cone-bearing  portion  enlars^d. 

From  Bindrabun,  N.  W.  R&jmah&l  hills. 
Fig.     3.     Palissya    indim,  Oldham,  sp.  (Fstm.),.    somewhat  difiering 

in  appearance  from  the  type-specimen,  but  no  doubt  tlie  same 

species.     Fig.  2,  leaflets  enlarged. 

From  Bindrabun. 
Fig.     4.     Cheirol&pis  comp.  MUnsteri,  Schimp.   The  same  form  as  from 

Golapili,  Lower  Godfivari,  and  Jangaon,  Central  Provinces. 

From  Bindrabun. 
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TraveUedL  blocks  of  the  Punjab. — By  A.  B.  Wynne,  F.  G.  S.,  Geological  Swrv&y 

of  India. 

In  his  recent  paper  on  the  pleistocene  deposits  of  the  Pnnjab,  Brecords,  Geo- 
logical Snrvey,  India,  Vol.  XIII,  Part  4,  Mr.  Theobald  makes  several  allusions  to 
mj  remarks  concerning  the  Pnnjab  erratics :  the  manner  in  which  he  does  so 
caJls  for  some  slight  notice  and  correction  on  my  part. 

Mj  colleagne  is  not  warranted  in  regarding  me  as  an  antiglacialist,  merely 
because  I  reserved  my  opinions  for  satisfactory  evidence  completely  connecting 
the  presence  of  the  transported  masses  with  its  cause. 

At  page  222  his  interpretation  of  my  account  of  the  Indus-borne  detritus  on 
the  crests  of  hills  in  the  Ghica  range,  leads  to  the  supposition  that  I  represented 
the  Indus  as  having  left  its  present  rocky  channel  through  the  Nildb  G^h  gorge 
since  this  gorge  was  formed.  A  mementos  intelligent  consideration  of  the  prob- 
lem will  show  that  when  the  river  may  have  left  its  gravel  or  boulders  at  the 
elevations  named  above  its  banks,  the  present  channel  could  have  had  no  exist- 
ence. While  here  advocating  the  persistence  of  the  river  in  occupation  of  its 
present  course,  elsewhere  in  the  paper  he  urges  its  having  wandered,  and  points 
out  the  likelihood  of  a  lake  basin  having  extended'  from  Attock  to  lUwalpindi 
throogh  which  the  Indus  flowdd.  As  at  least  one  depression  in  the  rang^  \p^g 
between  these  places  is  occupied  near  Jani-ke-sang  with  supposed  lacustrine 
deposits,  and  as  parts  of  the  Potw&r  plateau  are  higher  than  parts  of  the  Chita 
range,  it  is  very  possible  an  ancient  lake  may  have  occupied  the  whole  country, 
in  which  case  the  Indus  might  have  traversed  many  portions  of  its  area. 

The  occurrence  of  coarse  detrital  deposits  of  Indus  and  local  drift  on  the 
summits  of  the  hills  over  K&lab%h,  supports  my  suggestion  that  the  river  once 
occupied  a  higher  general  gradient  (Memoirs,  Geological  Survey,  India,  Vol. 
XVII,  pt.  2,  p.  25). 

Before  the  imaginative  and  superficial  idea  that  the  Indus  boulders  on  the 
Chita  range  were  carried  there  by  human  agency,  for  building  houses  or  adorning 
the  graves  of  patriarchs,  can  be  accepted,  the  ruins  of  the  villages  and  graves 
should  have  been  pointed  out  amongst  the  lofty  crags  and  jungles  of  these 
mountains.  The  natural  piety  called  into  court  should  prevent  the  desecration  of 
the  graves  which  ought  to  be  found  wherever  the  boulders  occur,  but  are  not.  This 
idea  is  quite  too  simple  to  have  escaped  any  one  ^tmiliar  with  the  habits  of  the 
people,  when  on  the  ground,  and  having  suggested  itself  was  abandoned  for  lack 
of  support,  while  that  any  mountaineers  who  ever  permanently  inhabited  these 
heights  carried  heavy  stones  up  the  mountain  to  build  with  when  stones  abound- 
ed on  the  spot,  is  an  argument  almost  as  valuable  as  any  other  I  find  in  the 
paper  before  me.  Carts  do  not  exist  in  that  part  of  the  country,  and  camels  are 
only  driven  there  to  feed  on  the  dense  jungles.  Arguing  from  analogy,  if  these 
mountains  were  formerly  inhabited,  it  would  be  more  likely  the  nomads,  who 
invade  them  still  to  some  extent,  would  employ  their  camels  to  carry  tents 
rather  than  stones.    - 

At  page  224  my  colleagne  errs  in  saying  these  hills  are  composed  of  vertically 
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bedded  limestone.  There  is  scarcely  a  coBceivable  curve  or  angle  of  beddiag 
wbich  their  rocks  do  not  present,  and  it  seems  silly  to  be  obliged  to  point  oat  that 
if  changes  in  surface  configuration  such  as  are  spoken  of  in  the  paper  have  taken 
place,  no  atom  of  the  hill  surface  on  which  Indus  deposits  may  have  originally  rest- 
ed could  now  be  preserved,  particularly  in  the  lower  parts  of  the  hiUs.  Hence  the 
discovery  of  transported  matter  in  the  mountain  fissures  could  have  no  more 
importance  or  the  reverse  than  their  occurrence  where  I  found  them  far  above 
the  road  on  which  my  friend  seems  to  have  made  his  observations. 

As  stated  in  my  writings  and  repeated  in  the  paper  referred  to,  I  have  always, 
Hke  most  others,  been  compelled  to  associate  the  presence  of  the  Punjab  trans- 
ported masses  with  ice  agency,  and  I  find  myself  no  further  convinced  of  the  fact 
after  perusal  of  my  friend's  elaborate  paper. 

Mr.  Theobald^s  effort  is  to  connect  this  association  of  the  blocks  with  one 
particular  kind  of  ice  agency,  namely,  glacier  transport  versiis  any  other  variety. 
Headers  of  his  papers  must  decide  for  themselves  how  far  he  has  succeeded  in 
doing  so,  or  how  far  his  assertion  that  he  has  found  the  key  to  the  whole  mystery 
goes  to  prove  his  point.  The  question  is  complex,  tempting  to  imaginative  specu- 
lation, and  involving  large  assumptions  as  to  former  conditions.  As  yet  it  seems 
to  me  nothing  has  been  advanced  to  show  where  the  glaciers  made  over  the 
blocks  to  water  carriage,  or  why  one  ice-agency  should  be  preferred  to  the  other 
where  the  blocks  have  reached  the  lower  levels.  Neither  glaciers  nor  icebei^ 
wander  over  the  Indus  plains  at  present,  and  the  blocks  certainly  prove  that  con- 
ditions have  changed  since  their  wanderings  ended,  but  this  any  person  could 
have  seen  before  Mr.  Theobald  advocated  the  former  extension  of  Himalayan 
glaciers  into  India ;  and  Mr.  Campbell  went  there,  saw  his  ground,  and  contested 
his  conclusions.  The  controversy  seems  unfortunately  to  have  left  the  question 
exactly  where  it  was  at  first,  so  far  as  conclusive  evidence  is  concerned. 

A.  B.  WYNNE. 
Kingstown^  December  3rd[,  1880. 


Appendix  to   '*  Paloeonfologieal  notes  on  the  Lower  Trias  of  the  HimaJayas."— 
By  C  L.  Gribsbach,  F.  G-.  S.,  Qeohgical  Survey  of  India, 

A  passage  in  my  "  Faloeontological  notes  on  the  Lower  Trias  of  the  Himalayas*' 
in  Records,  Vol.  XIII,  pages  103  and  104,  has  been  pointed  out  to  me  as  misleading, 
and  I  now  freely  admit  that  the  sentence,  as  framed  by  me,  may  be  construed  into 
a  quite  opposite  meaning  from  what  I  intended.  Unfortunately  I  was  away  in 
Kandahar  when  the  paper  was  printed,  or  else  I  should  probably  myself  have 
noticed  the  sentence  when  looking  over  the  proof-sheets,  and  would  have  supple- 
mented it.  To  prevent  further  misunderstandings,  I  hasten  to  explain  its 
meaning. 

Last  year  when  working  out  the  fossils  of '  the  lowest  trias  (Werfen  beds) 
of  the  Niti  and  Milam  sections  of  the  Himalayas,  I  searched  the  literature  for 
any  evidence  of  a  former  identification  of  this  lowest  of  the  Alpine  trias  in 
Asia,  and  the  only  reference  which   seemed  to  me  to  indicate  the  existence  of 
these  beds  in  other  parts  of  our  Himalayas  I  found  in  Stoliczka's  "  Geological  sec- 
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tians  across  the  Himalaya  mountains,**  Memoirs,  Vol.  Y.  pt.  I,  p.  24,  under  the 
heading  "  Oarboniferotu — Kuling  series,**  where  he  says :  "  The  white  qnartzite 
of  the  Math  series  is,  to  the  south  of  the  village,  overlaid  in  one  place  by  a  small 
thickness  of  a  carbonaceous,  concretionary  shale,  and  a  little  further  to  north- 
east by  undoubted  triassic  limestone.  I  regret  not  to  have  observed  any  fossils 
in  the  concretionary  shale,  which  is  followed  a  little  higher  up  by  triassic 
limestone  also.  In  so  far  I  am  not  certain  whether  the  true  carboniferous  rocks 
rise  here  higher  up  and  overlie  the  white  quartzite." 

These  dark  shales  only,  still  included  by  Stoliczka  under  the  Kuling  series, 
I  referred  to  in  my  paper  above  quoted.  The  true  carboniferous  (Kuling  series) 
group  I  found  developed  just  in  as  great  force  in  the  Kiti  section  as  they  are  in 
the  North- West  Himalayas,  and  I  describe  them  briefly  in  my  paper  ''  Oeological 
notes,'*  Becords,  Vol.  XIIJ,  p.  85. 

Of  course  I  should  not  have  thought  to  include  these  shales  amongst  the 
trias,  if  I  had  not  found  amongst  Stoliczka's  collections  in  our  museum,  still 
partly  undescribed,  specimens  also  marked  ^*  Kuling,"  which  bear  a  close  resem- 
bianco  to  my  triassic  forms.  The  rock,  a  dark  soft  micaceous  shale,  is  identical 
with  my  Werfen  beds ;  it  contains  in  considerable  numbers  a  ProdtLctiis,  not  iden- 
tical with  the  P.  semirettculatus,  Mart.,  from  Kashmir,  but  rather  resembling  the 
Productus  laiirostratus,  Howse,  var.,  w;hich  I  found  associated  with  true  lower 
triassic  forms  in  the  Hundes  Himalayas^  Besides  that  fossil  I  found  in  Stoliczka's 
collection  one  specimen  of  the  Posidonomya  angusta,  Hau.,  which  is  found  in 
great  numbers  in  the  upper  Werfen  horizon  of  my  own  section.  I  therefore 
concluded  that  some  of  the  shales  of  the  Kuling  series,  as  described  by  Stoliczka, 
may  probably  belong  to  the  triassic  group,  but  certainly  not  the  whole  Kuling 
series,  which  contains  also  at  Niti  and  other  points  of  my  ground  true  carboni- 
ferous fossils. 


Note  on  some  Mammalian  Fossils  from  Perim  Island,   in  the  collection  of  the 

Bombay  Branch  of  the  Boyal  Asiatic  Bociety.'-^By   R.  Ltdbkkbb,  b.a.,  F.z.s.r 
Geological  Survey  of  India, 

I  have  just  had  an  opportunity  of  examining  a  collection  of  vertebrate  fossils- 
from  the  Siwaliks  of  Perim  Island,  in  the  collection  of  the  Bombay  Branch 
of  the  Boyal  Asiatic  Society,  and  as  some  of  these  specimens  are  of  high  in- 
terest, I  think  it  may  be  not  out  of  place  to  record  the  following  notes  con- 
cerning them.  I  may  add  that  I  hope  we  may  be  able  to  obtain  these 
fossils  either  permanently  or  temporarily  in  the  Indian  Museum  for  full  descrip- 
tion and  proper  exhibition  in  our  fine  classified  collection  of  Indian  tertiary 
Tertebrata. 

Perhaps   the  most  important  fossils  in  the  collection  are  an  upper  and  a  lower 
jaw  of  Binotheriwn  indiciim  (Falc),  each  containing  the  last  two  molars* 

These  specimens  are  unique ;  the  two  last  lower  molars  have  been  hitherto 
unknown,  and  the  upper  molars  ar»  only  known  by  a  half  of  a  tooth  figured 
and  described  in  a  late  number  of  the  '  Palawntologia  Indica '  ("  Siwalik  and 
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Narbada  Proboscidia").    These  specimens  are  of  gigantic  size,  and  in  lis  respect 
quite  different  from  D,  pentapotamia  (FaJc). 

The  next  specimen  is  the  entire  palate  of  Acerothertvm  perimense  (Falc.  and 
Gaut.),  showing  the  whole  of  the  molar  dentition :  the  molars  are  bat  little 
worn,  and  quite  perfect.  This  splendid  specimen  exhibits  the  dentition  of  this 
species  in  a  more  complete  form  than  any  of  the  still  nndescribed  specimens  in 
the  Indian  Museum.  No  complete  specimen  of  the  dentition  of  A.  perimmue 
was  known  to  Falconer.  There  is  also  a  very  fine  specimen  of  the  lower  jaw  of 
the  same  species. 

The  last  specimen  I  have  to  notice  is  the  ramus  of  a  mandible  of  a  trilopho- 
dont  mastodon,  containing  the  penultimate  and  last  twe  .molars.  The  teeth  seem 
to  agree  in  form  with  those  of  A.  pandionis  (Falc),  but  are  smaller  than  any  of 
the  Siwalik  specimens.  I  cannot,  however,  be  sure  of  the  specific  identification 
without  comparison. 

Bombay,  January  14ith, 


DONATIONS  TO  THE  MUSEUM. 

Donori. 

A  goblet  of  green  serpentine  from  Shiggar,  Baltist&n. 

RiCHABD  LyDEKKEB,   EsQ. 

Twelve  specimens  of  minerals:    caloite   (2);  cryolite;   diaspore;  gi>ihite  (2);  olivenite; 
penbergite ;  pncherite ;  pyrargyrite ;  Tivianite  (2). 

Thb  British  Musxvx. 
Thirteen  specimens  of  American  minerals :  allanite ;  barcenite ;  oerargerite ;  cerossite  (argen- 
tiferous) ;  galena  (argentiferous  and  auriferous) ;  guadalcaz  arite ;  itacolmnite ;  liviiig- 
fitonite  ;  pyrargyrite  (with  stromeyerite,  fahlerz,  etc.) ;  samarskite ;  sipylite ;  tellurium ; 
zircon. 

J.  W.  Mallbt,  Esq.,  M.D.,  University  qf  JlrgiMia. 
Graphite,  fireday  and  crucibles. 

Thb  Patbbt  Plumbago  Obuoible  Compakt,  Baitereea,  London. 
Ashestosy  crude  and  manufactured  (16  Bpecimens). 

John  Bbll,  Esq.,  Southwarh  Street^  London, 
Twenty-one  samples  of  hones,  grindstones,  etc. 

Mbssbs.  Thos.  Hazbon  k  Co.,  i50,  Leadenhall  Street,  London. 
Twenty-fiye  speoimens  of  cast  and  rolled  iron,  and  of  the  raw  materials. 

Thb  Low  Moob  Ibon  Wobes,  Bradford,  Yorkshire. 
A  series  of  94  specimens  illustrating  the  manufacture  of  China-ware. 

Mbssbs.  Mintok  &  Co.,  Stoke-upon-Treni. 
A  series  of  Tolcanic    specimens    collected    in  the    neighbourhood   of  the  Pny  de  Dome, 
Auvergne. 

F.  B.  Mallbt,  Esq. 

Samples  of  fii*e-clay,  £re-brick8,  and  two  large  vases. 

Thb  Gabnkibk  Fibbci.ay  Co.,  Glasgow, 

Ganoister  (crude  and  ground),  gannister  bricks,  tuyeres,  etc. 

Mbssbs.  J.  Gbatsob,  Lowood  &,  Co.,  Aitercl\ffe  Boad,  Sk^ld. 
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Donars, 

Natural  pboBphates,  and  artifioial  inanares ;  raw  and  bunit  pyrites. 

Mbsbbs.  W.  &  H.  M.  Goulding  <&  Co.,  Dublin, 

Eight  samples  of  carbolic  acid,  picric  acid,  and  aurine. 

MsssBS.  Chab.  Lowb  Sl  Co.,  Manchester. 
Kineteen  samples    f  coal-tar  and  its  products. 

F.  C.  CaIiYBbt  k  Co.,  Manchester. 

Seventeen  specimens :  ores,  f  ael,  flux,  slag  and  pig-irons. 

Mbssbs.  W.  Baibd  &  Co.,  Glasgow. 
Raw  and  groand  fire  clay  and  fire-bricks. 

Glbnboig  Fibb-clay  Company,  Qlasgow. 

Thirty  specimens  illustrating  tbe  raw  materials  and  tbe  manufacture  of  crown  and  sbeet  glass. 

MsssBs.  Chahcb  Bbothbbs  k  Co.,  Birmingham. 
Sicili  n  aspbalte,  raw,  compressed,  and  manufactured. 

Thb  Lixmbb   Asphalts  PATiira  Company,  65,  Q-raceehurch  Street,  Lond-on. 
Forty  samples  of  mineral  pigments,  and  specimens  illnstratiug  the  manufacture  of  white  lead. 
Mbssbs.  W.  W.  asd  B.  Johnson  a.nd  Sons,  737,  Commereial  Boad,  London. 
Forty  specimens  of  aniline  dyes  and  other  products. 

Actibn-Gbsbllschaft  ptJB  Anilin-Fabbikation,  Berlin. 
Specimens  of  petroleum  from  Jaba  and  Fatehganj,  Punj&b. 

J.   Bljlckbubn,  Esq.,  Oriental  Oas  Company,  Calcutta. 
Ciinoidal  limestone  (P  triassio)  from  south  of  Eulail,  Chamba. 

J.  Bbidobs  Lbb,  Esq. 
Lava  from  Vesuvius. 

Db.  J.  Andebson,  F.R.S. 
Ashestos,  salt,  magnetic  iron-ore,  pyrites  &  galena,  from  the  Eurram  valley,  A^banistan. 

H.  A.  Andbbson,  Esq.,  C.S.,  Assistant  Political  Officer. 

Fire-day  from  Dowlaishwaram,  God&vari  District 

T.  Yanstaybbn,  Esq.,  Dumagudiem. 
Oriental  topaz  (yellow  sapphire)  and  true  topaz  from  Ceylon. 

W.  Kino,  Esq. 

Garapaoe  of  Trionyx  (from  a  Siwalik  collection  purchased  in  London). 

\By  exchange.  Anatomical  Musxvm,  Cambridge. 


ADDITIONS  TO  THE  LIBRARY. 

Fbom  1st  Octobxb  to  31st  Dbcbmbbb  1880. 
Titles  of  Books.  Donors. 

Ball,  Y.-On  the  Coal-fields  and  Coal  Production  of  India  (1880),  8vo,  pht.,  Dublin. 

Thb  Authob. 

n      Y.— On  the  mode  of  occurrence  and  distribution  of  Diamonds  in  India  (1880),  8?o, 
Dublin. 

Thb  Authob. 
BoiTBOineNAT,  J.  B.— Becherches  sur  les  ossements  de  Canidse  constates  en  France  k  I'^tat 
fossils  pendant  la  p^riode  quaternaire,  8vo,  pht.,  Paris. 

R.  Lydbkkbb,  Esq. 
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Titles  of  Boohs,  DoHon, 

Chantbe,  E. — De  Torigine  orientale  de  la  M^tallnrgie  (1879),  8vo,  Lyon. 

P.  N.  BosB,  Esq. 

„        E. — Relations  entre  les  Sistres  fionddhiqnes  et  certains  objeta  de  Fage  da  Bronze 

Europ^n  (1880),  8to,  Lyon. 

P.  N.  Boss,  Esq. 

Dawkiks,  W.  BoYD.^-Early  man  in  Britain  and  his  place  in  the  Tertiary  Period  (1880), 

8yo,  London. 
Engineer's  Journal,  Vols.  VII  to  IX  (1864r66),  4to,  Calcutta. 
Hknbt,  James. — Aeneidea,  or  Critical,  Exegetical  and  Aesthetical  Remarks  on  the  Aeneis, 

Vol.  II  (continued)  (1879),  Sro,  Dublin. 

The  Authos. 

UooKEB,  J.  D.,  AKD  Bbntham,  6. — Genera  Plantamm,  Vol.  I,  pts.  1  and  2,  VoL  II,  and 

Vol.  Ill,  pt.  1  (1862-1880),  8to,  London. 
UooKBB,  Sib  Wm.  Jacksok. — Species  Filicum,  Vols.  IV— V  (1862-64),  8to,  London. 
In  Memoriam.  Joseph  Octave  Delepierre,  born  12th  March  1802,  died  18th  August  1879 

(1880),  4to,  London. 

N.  Tbubneb,  Esq. 

Jbffbbys,  J.  G.— British  Conchology,  Vols.  IV— V  (1867  and  1869),  8vo,  L  ,ndon. 
List  if  Articles  sent  by  the  Sub-Committee  for  Bengal  to  the  Melbourne  International  Exhi- 
bition of  1880  (1880),  flsc,,  Calcutta. 

Thb  CoMMirrBB. 

LovAS,  JoHK. — Manual  of  the  Alkali  Trade  (1880),  8?o,  London. 

Ltdekkbb,  R. — Elementary  Sketch  of  the  Osteology  of  Birds  (1880),  8yo,  pht. 

Thb  Authob. 
„  B.— Sketch  of  the  history  of  the  Fossil  Vertebrata  of  India  (1880),  8vo,  pht 

Thb  Authob. 

MiLLBB,  S.  A. — ^North  American  Mesozoic  and  Cienozoic  Geology  and  Palieontologie  (1880), 
8yo,  Cincinnati. 

ScHiMFEB,  W.  Ph.,  and  Zittel  Eabl,  a.— Handbuch  der  PalsBontology,  Band  I,  lief.  4, 
and  II,  lief  2  (1880),  8yo,  Munchen. 

Sfon's  Encyclopedia  of  the  Industrial  Arts,  Manufactures  and  Commercial  Products,  Divi- 
sion II  (1880),  8vo,  London. 

Vobkot,  a. — On  cotton  soil  in  India  (Czemozom  v.  Indie)  (1880),  Roy.  8vo,  St.  Petersburg. 

PERIODICALS,  SERULS,  &c. 

American  Journal  of  Science  and  Arts,  3rd  Series,  Vol.  XX,  Nos.  117 — 119  (1880),  8vo, 
New  Haven. 

Thb  Editobs. 
Annalen  der  Physik  und  Chemie,  New  Series,  Band  XI,  Nos.  9 — 10  (1880),  8vo,  Leipzig. 
Annales  des  Mines,  7th  Series,  Vol.  XVII,  livr.  2  and  3  (1880),  8vo,  Paris. 

L'AdMINS.  DBS  MlSBS. 

Annales  des  Sciences  G^ologiques,  Vol.  XI,  No.  2  (1880),  8vo,  Paris. 

Annales  des  Sciences  Naturelles,  6th  Series,  Zoologie  et  Pal6ontologie,  Vols.  IX»  Nos.  6 — 6, 

and  X,  Nos.  1—3  (1880),  8vo,  Paris. 
Annals  and  Magazine  of  Natural   History,  6th  Series,  Vol.  VI,  Nos.  34—36  (1880),  Svo, 

London. 
Archiv  fiir  Naturgeschiohte,  Jahrg.  XLVII,  heft  1  (1880),  8to,  Berlin. 
Athenseum,  Nos.  2768—2772  (1880),  4to,  London. 
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Titlei  qf  Books,  Donors . 

Beiblatter  za  den  Annalen  der  Physik  and  Chemie,   Band   IV,  Nofl.  8—11  (1880),  8vo, 

Leipzig, 
fiiblioth^ne  ITniverselle.    Archives  des  Sciences  Physiques    et  Natnrelles,  3me  P^riode, 

Vols.  Ill,  No6.  6  and  7,  and  IV,  Nos.  8  and  9  (1880),  8yo,  Geneva. 
Bibliotb^ne  Universelle  et  Revne  Snii^ge,  3me  P^riode,  Vol.  YII,  Nos.  7 — 9,  and  Yllly 

No.  10  (1880),  8yo,  Lausanne. 
Botanischefl  Centralblatt,  Nos.  29— i6  (1880),  8to,  Leipzig. 
Cambridge  XTniversity  Reporter,  No.  298  (1879),  4to,  Cambridge. 
Chemical  News,  Vol.  XLII,  Nos.  1084—1098  (1880),  4to,  London. 
Colliery  Guardian,  Vol.  XL,  Nos.  1026—1040  (1880),  foL,  London. 
Das  Ausland,  Nos.  36—49  (1880),  Boy.  8vo,  Stuttgart. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  VII,  Nos.  10—12  (1880),  8yo,  London. 
Iron,  Vol.  XVI,  Nos.  399—413  (1880),  foL,  London. 
Journal  de  Concbyliologie,  3rd  Series,  Vol.  XX,  No.  3  (1880),  8vo,  Paris. 
Joomal  of  Science,  3rd  Series,  Vol.  II,  Nos.  82—84  (1880),  8vo,  London. 
London,  Edinburgb,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  5th  Series, 

Vol.  X,  Nos.  62—64  (1880),  870,  London. 
Mining  Journal,  with  Supplement,  Vol.  L,  Nos.  2349  to  2363  (1880),  fol.,  London. 
Nature,  VoL  XXII,  Nos.  566—676,  and  XXIII,  Nos.  577—580  (1880),  4to,  London. 
Natune  Novitates,  Nos.  16—23  (1880),  Syo,  Berlin. 
Keues  Jahrbuch  filr  Mineralogie,  Geologie  und  Palieontologie,  Band  II,  hefl  3  (1880),  8to, 

Stuttgart. 
Ditto  ditto  ditto,  I.  Beilage-Band,  heft 

1  (1880),  8vo,  Stuttgart. 
Palsontographica,  Band  XXVII,  Lief.  1,  and  Supplement  III,  Lief.  8  and  9  (1880),  4to, 

Cassel. 
Petermann's  Geographische  Mittheilungen,  Band  XXVI,  Nos.  9 — 11  (1880),  4to,  Gotha. 
Petennann's  Geographische  Mittheilungen,  Supplement,  Nos.  62  and  63  (1880),  4to,  Gotha. 
Professional  Papers  on  Indian  Engineering,  2nd  Series,  VoL  IX,  No.  38   (1880),  8to, 

Boorkee. 

Thomasok  Collbgb  of  Civil  Engiksbsino. 
(Quarterly  Journal  of  Microscopical  Science,  New  Series,  Vol.  XX,  No.  80  (1880),  8vo, 

London. 
The  Zoological  Beooid  for  1878,  Vol.  XV  (1880),  8to^  London. 

GOVERNMENT  SELECTIONS,  Ac. 

BiireALOBB. — Annual   Report  on  the  Administration  of  Mysore  and  Coorg  for  1864-65 

(1866),  870,  Bangalore. 

HoMB,  Bbt.,  &  AoBi.  Dbfabthbmt. 
Bombay. — Chahbbbs,  F. — ^Brief  sketch  of  the  Meteorology  of  the  Bombay  Presidency  in 

1878  and  1879  (1879-80),  8vo,  Bombay. 

Mbtbobolooical  Bbfobtbb,  Bombay. 
9,  Chambbbs,  F.— Abnormal  variations  of  Barometric  Pressure  in  the  Tropics  and 

their  relation  to  Sun-spots,  Bainfall,  and  Famines  (1880),  flsc,  Bombay. 

Mbtbobolooical  Rbpobtbb,  Bombay. 
„  fieport  on  the  Administration  of  the  Meteorological  Department  in  Western 

India  for  1878-79,  and  1879-80  (1879-80),  flsc,  Bombay. 

Mbtbobolooical  Rbfobteb,  Bombai. 
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TUlts  of  Books,  Donwt. 

BovB AT.— Report  on  the  Administration  of  the  Bombay  Presidency  for  1870-7 1»  1875-76, 

1877-78.  and  1878-79  (1871, 1876, 1878,  and  1879),  8vo.  Bombay. 

HoMB,  Rby.,  &  AoBi.  Dbpibtmbitt. 
„  Selections  from   the  Becords  of  the  Bombay  Government,  New  Series,  No.  50. 

Correspondence  relating  to  canal  clearances  in  the  Hyderabad  Collectomte 
in  1857-58  (1859),  8?o,  Bombay. 

HovB,  Rby.,  &  AoBi.  Dbpabtheht. 
Ditto  ditto,  New  Series,  No.  82. 

Bepoi-t  on  the  Question  of  Irrigation  in  the  Terla  Valley,  with  a  Map  sod 
ten  Plans,  &c,  (1864),  8vo,  Bombay. 

HouB,  Rbv.,  &  Agbi.  Dbpjlbtmbkt 

V  Ditto  ditto,  New  Series,  No.  100. 

Papers  ralating  to  the  Pilotage  System  of  Bombay  (1866),  8vo.,  Bombay. 

HoHB,  Rbt.,  &  AoBi.  Dbpabthbnt. 

M  Ditto  ditto.  New  Series,  No.  55. 

Correspondence  showing  the  measures  taken  by  Syuds  of  Tatta  in  Sdnd 

to  reduce  the  expenses  on  their  birth,  marriage,  and  funeral  ceremonies 

(1866),  8vo,  Calcutta. 

HoMB,  Rbt.,  &  Aobi.  Dbpaitbbnt. 
Ditto  ditto,  New  Series.  Nos.  120. 

121,  and  128.     Police  Reports  of  the  Northern  and  Southern  Divisions  of 
the  Bombay  Presidency  for  1868  to  1870  (1871-72),  8?o,  Bombay. 

HoHB.  Rby.,  &  Agbi.  Dbpabtheht. 
»,  Ditto  ditto.  New  Series,  Nos.  116. 

122,  131,  13'7,  and    142.     Annual  Police  Reports  for  1868,  1869,  and 
1871  to  1873.  Province  of  Sind,  (1871, 1873,  and  1874),  8vo,  Bombiiy. 

HoMB,  Rbt.,  ic  Aobi.  Dbpabthbht. 
„  Ditto  ditto,  New  Series,  Nos.  127, 

136,  and  141.    Annual  Reports  of  the  Bombay  Jails  for  1870, 1872,  and 
1873  (1872-74),  8vo,  Bombay. 

HoMB,  Rbt.,  &  Aobi.  Dbpabtmbht. 
Ditto  ditto,  New  Series,  Na  149- 

Descriptive  and  historical  account    of    the  British  out-poet  of  Penm. 
Straits  of  B4b-El.M&ndeb  (1877),  8vo,  Bombay. 

HoMB,  Rbt.,  &  Agbi.  Dbpabtmbvt. 

Ditto  ditto,  New  Series,  No.  152. 

ArchsBological  Surrey  of   Western    India.    Report  on  the  Architectoral 

and  Archaeological    Remains    in    the    Province  of  Kachh   ((1879),  8vo, 

Bombay. 

HoMB,  Ret.,  &  Agbi.  Dbfabtxekt. 
British  Burma. — Report  on  the  Administration  of  British  Burma  during  1876-77     (1877), 

8vo,  Rangoon, 

HoMB,  Rbt.,  &  Agbi.  Dbfabtxent. 

„  The  British  Burma  Gazetteer,  Vol.  1  (1880),  8vo,  Rangoon. 

Chibf  Commissionbb  of  British  Burma, 
CiNTBAL  PROTIKCBS.    MoRRis,  J.  H. — Reports  on  the  Administration  of  the  Central  Pro- 

Tinoes  for  1871-72  and  1879-80  (1872  and  1880),  8to,  Nagpur. 

Chibf  Commissionbb,  Cbvtbal  Pbotibcbs. 
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Htmsabad.   SACVDMBBt  Chablbs  B. — Report  on  the  Administration  of  the  Hyderahad 

AiAigned  Districts  for  1870.71  (1871),  8vo,  Hyderahad. 

Home,  Bby.,  &  Agbi.  Depabtmbkt. 
Indu.— Annual  Beport  of  the  Administration  of  the  Province  of  Oudh  for  1870-71,  1871- 

72,  and  1873-74  (1871, 1872,  and  1874),  8yo,  Lncknow. 

HoHB,  Rby.,  &  Aqbi.  Depabtmbkt. 
„     List  of  Civil  0£Boer8  holding  gazetted  appointments  under  the  Government  of  India 
in  the  Home,  Bevenae,  and  Agricultural  Department,  the  Legislative  and 
Foreign  Departments,  on  1st  July  1880,  8vo,  Calcutta. 

Home,  Rev.,  &  Aobi.  Dbpabtmbnt. 

„     Bajputana  Gazetteer,  Vol.  Ill  (1880),  8vo,  Simla. 

FoBBioK  Dbpabtmbnt. 

M     fiegiflters  of  original  ohservations  in  1879,  reduced  and  corrected,  July  to  Octoher 

1879  (1880),  4to,  Calcutto. 

Mbtbob.  Rspobteb  to  Govt,  of  India. 

„  Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department, 
No.  171.  Report  on  the  Administration  of  the  Persian  Gulf  Political 
Residency  and  Mnskat  Political  Agency  for  1879-80  (1880),  8vo,  Calcutta. 

FoBEiGN  Dbpabtmbnt. 
M  Ditto  ditto,  Foreign  Department, 

No«  48.  Journal  of  the  Salween  Surveying  Expedition,  with  map,  and 
Report  of  the  Earennee  Mission  (1866),  8vo,  Calcutta. 

Home,  Rby.,  &  Aobi.  Dbpabtmbnt. 
n  Ditto  ditto,  Foreign  Department, 

Ko.  49.  Journal  of  the  Salween  Surveying  Expedition  during  1864-66, 
•wiih  route  map  (1866),  8vo,  Calcutta. 

Home,  Rbt.,  &  Aobi.  Dbpabtmbnt. 

„  Ditto  ditto.  Home  Department,  No.  70. 

Papers  relating  to  the  question  of  forming  a  separate  Judicial  Branch  of  the 

Civil  Service  in  India,  and  the  Legal  Training  of  Civil  Servants  (1868), 
8vo,  Calcutta. 

Home,  Rby.,  ic  Aobi.  Dbpabtmbnt. 

n  Ditto  ditto,  Foreign    Department, 

Noe.  69  and  81.  Reports  on  the  Political  Administration  of  Rigputana 
for  1866-66  and  1866-67,  Part  II,  and  1869-70  (1867  and  1870),  8vo. 

Galcatta. 

Home,  Rev.,  &  Aobi.  Dbpabtmbnt. 
n  Ditto  ditto,  Home  Department,  No.  76. 

A  collection  of  Despatches  from  the  Home  Government  on  the  suhjeot  of 
Education  in  India,  1864-1868  (1870),  8vo,  Calcutta. 

HoMB,  Rby.,  &  Aobi.  Dbpabtmbnt. 
Ditto  ditto,  Home  Department*  No.  89. 

Hinute  by  the  Honble  J.  FitzJames  Stephen  on  the  Administration  of 
Justice  in  British  India  (1872),  8vo,  Calcutta. 

Home,  Rby.,  &  Aobi.  Dbpabtmbnt, 
Ditto  ditto,  Depai*tment  of  Agricul- 

ture, Revenue,  and  Commerce,  No.  106.  Extracts  from  the  Reports  of  the 
Trigonometrical,  Topographical,  and  ReYenue  Surveys  of  India  for  1871-72 
(1873),  Syo,  Calcutta. 

Homb,  Rby.,  &  Aobi.  Dbpabtmbnt* 
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Ikdia. — Selections  from  the  Records  of  the  Govemment  of  India,  Foreign  Department, 

Nos.  124,131,  142,  and  150.  Reports  on  the  working  ofjthe  Thuggi 
and  Dacoity  Department  for  1874  to  1877,  with  returns  (1876  and  1878), 
8to,  Calcutta. 

HOMB,  RSY.,  &  AOBI.  DEPABTlCBirT. 

„  Ditto  ditto,  Home  Department, 

Nos.  133,  137, 143,  and  147.  Reports  on  publications  issued  and  regis- 
tered in  the  several  Provinces  of  British  India  daring  1874  to  1877 
(1877-78),  8vo,  Calcutta. 

HoMK,  Rev.,  &  Aobi.  Dbpabtmivt. 

„  Ditto  ditto,  Home  Department, 

No.  136.  Papers  relating  to  the  expediency  of  having  a  distinct  Judicial 
Branch  of  the  Indian  Civil  Service  (1877),  8yo,  Calcutta. 

HoMS,  Rbv.,  &  AoBi.  Dbpabtmbnt. 

I  

Ditto  ditto.  Home  Department, 

No.  157,  Vagrant  Bands  of  Foreigners  (1879),  8vo,  Calcntta. 

HoHB,  Rbv.,  &  Aobi.  Dbpabtmsnt. 

Ditto  ditto,  Home  Department, 

No.  155.  Correspondence  regarding  the  Law  of  Land  Sale  (1879),  8to, 
Calcutta. 

HoxB,  Rbv.,  &  Aobi.  Dbpabtxikt. 

Ditto  ditto.  Home,  Revenue,  and 

Agriculture  Department,  No.  167.  Papers  relating  to  the  crime  of 
robbery  by  poisoning  (1880),  8vo,  Calcutta. 

HoxB,  Rbv.,  &  Aqbi.  Depabthivt. 

Synoptical  Volumes  VIII  and  IX,  Great  Trigonometrical  Survey  of  India  (1878), 
4to,  Dehra  Dtin. 

GBBiLT  Tbioonombtbical  Sttbvst. 

MiDBAS.^Annual  Report  on  the  Administration  of  the  Madras  Presidency  during  1869-70 

(1870),  8vo,  Madras. 

HoMB,  Rbv.,  &  Agbi.  Depabtkbot. 

„  Selections  from  the  Records  of  the  Madras  Govemment,  No.  25.  Papers  relating 
to  the  Uncovenanted  Civil  Service  Examinations  held  in  1869-70  and 
1870-71  in  the  Madras  Presidency  (1872),  8vo,  Madras. 

Home,  Rev.,  &  Aobi.  Dbpabtmbbt. 

Ditto  ditto.  No.  50.    Papers  relating 

to  the  Survey  and  Settlement  of  the  Trichinopoly  District  (1876),  8vo, 
Madras. 

HoxB,  Rev.,  &  Aobi.  Dbpabtmbkt. 

I^itto  ditto.  No.  52.    Report  on  the 

treatment  of  Leprosy  with  Gurjun  oil  and  other  remedies  in  hospitals 
of  the  Madras  Presidency  (1876),  8vo,  Madras. 

Home,  Rbv.,  &  Aobi.  Dbfabtxbbt. 
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NiDiiB. — Selections  from  the  ReoordB  of  the  Madras  Government,  No.  16.    Reports  on  im- 
portant Pablic  Works  for  1853  (1855),  8yo,  Madras. 

HoMB,  Rbv.,  &  AoBi.  Dbfabtmbnt. 
„  Ditto  ditto.  No.  19.    Report  on  Vac- 

dnation  for  1868  (1869),  8yo,  Madras. 

HoMB,  Bbt.,  k  AoBi.  Dbpabthbitt. 
„  Ditto  ditto,  Nos.  24  and  29.    Annual 

Reports  of  the  Civil  Dispensaries  for  Session  1869-70,  and  for  calendar 
year  1870  (1871-72),  8vo,  Madras. 

HoMB,  Rby.,  &  AoBi.  Dbpabtxbkt. 
„  Ditto  ditto,  Nos.  28  and  35.  Reports 

on  Pablic  Instruction  in  the  Madras  Presidency  for  1870-71  and  1871-72 
(1871-72),  8yo,  Madras. 

HoMB,  Rbv.,  &  AoBi.  Dbpuitmbnt. 
„  Ditto  ditto,  No.  30.    Annual.  Report 

on  the  Madras  Medical  College  for  1871-72  (1872),  8yo,  Madras. 

HoMB,  Rby.,  &  Agbi.  Dbfabtmbnt. 
„        Sbwbll,  Robbbt. — Report  on  the  Amr&vati  Tope  and  Excayations  on  its  site  in 
1877  (1880),  4to,  London. 

MaDBAS  GoYBBNMBirT. 

PuHJAB. — Selections  from  the  Records  of  the  Government  of  the  Punjab  and  its  Dependen- 
cies, New  Series,  Nos.  XVI  and  XVII  (1880),  8yo,  Lahore. 

Punjab  Goybbnicent. 

TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SURVEYS,  &c. 

Besun.— Monatsbericht  der  Konig.     Preussischen  Akademie  der  Wissenschaften  zn  Berlin, 

June  to  August  (1880),  8yo,  Berlin. 

Thb  Aoadbmy. 
n       Zeitschrift  der  Deutschen  Geologischen  Gesellschaft,  Band  XXXII,  hefb  2  (1880), 
8yo,  Berlin. 

Thb  Socibty. 

BonoB.— Memoirs  of  the  Boston  Society    of    Natural    History,  Vol.  Ill,  Part  I,  No.  3 

(1879),  4to,  Boston. 

Thb  Socibty. 

„       Occasional  papers  of  the  Boston  Society  of  Natural  History,  No.  Ill  (1880), 
8yo,  Boston. 

Thb  Socibty. 

,»        Proceedings  of  the  Boston  Society  of  Natural    History,    Vol.  XX,  Parts  2  and  3 
(1879-80),  8yo,  Boston. 

Thb  Socibty. 

„       Proceedings    of  the  American  Academy   of   Arts  and  Sciences,    New   Series, 
Vol.  VII  (1880),  8yo,  Boston. 

Thb  Acadbmy. 

B1TI88BL8.— Bulletin  de  la  Soci^t^  Beige  de  Geographic,  No.  4  (1880),  8yo,  Bruzelles. 

Thb  Socibty. 
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BBU88XL8.— Oommissioii  de  la  Carte  G^logiqtie  de  la  Be1g;iqtxe.    Texfo  ExpHcatif  dn  Le?^ 

G^logiqne  de  la  Planohettes  de  Boissefaot  et  d'Aenohot,    with  2  Mtpi 

(1880),  8to,  Bnxxelles. 

GbOL.  SlTBVXT,  BbLGIUV. 

Ebtbobn,  0.  Yxv. — ^Texte  Explioatif  da  Ler^  G^logiqne  des  Hanohettes  de 
Heyst-op^den-berg,  de  Patte,  et  de  Lierre  (1880),  8to,  Broxelles. 

Gbol.  Subyxt,  Belgium. 
Texte  Explioatif  dn  Lev^  G^logiqae  det  Planohetiea  de  Malines  et  de  Beveren 
(1880),  8to,  Broxelles. 

Gbol.  Subtbt,  Bbloitjic. 

CALCUTTA. — Indian  Museum, — Annnal  Beport.   List  of  AooeBsiona,  and  Selected  Extrads  of 

Minates,  April  1879  to  March  1880  (1880),  8vo,  Calcutta. 

H.  3-  Mbducott,  Esq. 

„  Journal  of  the  Asiatic  Society  of    Bengal,  New  Series,  Vol.  XLIX,  Fait  I, 

No.  8,  and  Part  II,  No.  3  (1880),  8vo,  Calcutta. 

Thb  Society. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  Noe.  YII  and  YIII  (1880),  8vo, 

Calcutta. 

Thb  SociiTT. 

Memoirs  of  the  Geological  Survey    of  India,  Vol.  XYI,  Part  3  (1880),  8to, 
Calcutta. 

The  Subtet. 
„  PalsBontologia  Indica. — Fossil   Flora  of  the  Gondw&na  System    by  Dr.  0. 

Feistmantel,  Vol.  Ill,  Part  2,  and  Indices  to  Vols.  I  and  II  (1880),  4to, 
Calcutta. 

Thb  Svbtbt. 
Records  of  the  Geological  Survey    of  India,  Vol.  Xm,  Part  4  (1880),  8vo, 
Calcutta. 

Gbol.  Subtbt  of  Ihdii. 
CAVBBiDGB.—Bullctin  of  the  Mnseum  of  Comparative    Zoology,    Vol.  VII  (1880),  8vo, 

Cambridge,  Mass. 

MUSBUK  OF  COKPABATITB  ZoOLOGT. 

„  Memoirs  of  the    Museum  of  Comparative  Zoology,  Tol.  YII  (188(9f  4to, 

Combridge,  Mass. 

MnSBUK  OF  COKPABATITB  ZOOLOOT. 

Dublin.— Journal  of  the  Royal  Dublin  Society,  No.  XXX  (1863),  and  No.  XLY,  Vol.  VII 

(1878),  8vo,  Dublin. 

The  Socibtt. 
„         Soientifie  Proceedings  of  the  Royal  Dublin  Society,  New  Series,  Yel,  I,  Farts 
1-3,  and  Vol.  II,  Nos.  1-6  (1877-1880),  8vo,  Dublin. 

ThbSgcixit. 
„         Scientific  Transactions  of  the  Royal  Dublin  Society,  New  Series,  Vols.  I,  Nos.  1-12, 
and  II,  Series  1  and  2  (1877-80),  4to,  Dublin. 

Ths  Socibtt. 
„         Proceedings  of  the  Royal  Irish  Academy,  Series  11,  Vol.  11,  N^o.  1,  &  III,  No.  4 
(1879-8Q1.  8vo,  Dublin. 

Thb  Acadbkt. 
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DtJBLtir.'Royal  Irish  Academy.— Canningham  Memoirs,  No.  1  (1880),  4to,  Dablin. 

Thb  Acadbmt. 
Transactions  of  the  Royal  Irish  Academy,  Vol.  XXVI,  No.  22  (1879),  4to,  Dablin. 

Thb  Acadbkt. 
„        Transactions  of  the  Royal  Irish  Academy,  Irish  Manuscript  Series,  Vol.  I,  Part  1 
(1880),  4ko,  DabUn. 

Thb  Acadbkt. 
Sdivbvmh.— Transactions  of  the  Edinburgh  Geological  Sodety,  Vol.  Ill)  Part  8  (1880), 

8to^  Edinburgh. 

Thb  Socibtt. 
GUBOVW.— Glasgow  UniTersily  Calendar  for  1880-81  (1880),  8to,  Glasgow. 

Thb  UwrniBsiTT. 
KonosBBBO.— Scbriflen  der    Physikalisch— Okonomischen    Gesellschaft  zu    Eonigsberg, 

Jahrg.  XYI  to  XX,  Abth*  1  and  2  each,  and  XXI,  Abth.  1  (1875-80),  4to, 
Kdnigsberg. 

Thb  Socibtt. 

LoiDOB.-JoDnial  of   the  Society  of    Arts,  Vol.  XXYIII,  Nos.  1461-1400,  and  XXIX, 

Nos.  1461.1464  (1880),  8to,  London. 

The  Socibtt. 
Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland,  New  Series, 
Vol.  XII,  part  8  (1880),  8vo,  London. 

Thb  Socibtt. 

„        Journal  of  the  Iron  and  Steel  Institute,  No.  I,  1880,  8to,  London. 

Thb  Socibtt. 
„        Journal  of  the  Linnean  Society  of  London,  Zoology,  Vol.  XIY,  No.  80,  XV, 
Nos.  81-83,  and  Botany,  Vol.  XYII,  Nos.  103-107,  with  List  of  Fellows 
for  1879  (1879-80),  8to,  London. 

Thb  Socibtt. 
>        Transactions  of  the  Linnean  Society  of  London,  2nd  Series,  Zoology,  Vol.  II, 
Part  1,  and  Botany,  Vol.  I,  Parts  7  to  9  (1879-80),  4to,  London. 

Thb  Socibtt. 
»       Journal  of  the  Anthropological  Institute  of  Qveat  Britain  and  Ireland,  Vol.  X, 

No.  1  (1880),  8to,  London. 
»        Proceedings  of  the  Zoological  Society   of  London,  Parts  II  and  III  (1880),  8to. 

London. 

Thb  Socibtt. 
N        Transactions  of  the  Zoological  Society  of  London,  Vol.  XI,  Part  2  (1880),  4to, 
London. 

Thb  Sociktt. 
*•        Fh)ceeding8  of  the  Royal  Society  of  London,  Vols.  XXX,  Nos.  208-206,  and  XXXI, 
No.  206  (1880),  8to,  London. 

Thb  Socibtt. 
>•        Transactions  of  the  Royal  Society  of  London,  Vols.  170,  Parts  1  and  2,  and  171, 
Part  1,  with  List  of  Fellows  for  1879  (1879-80),  London. 

Thb  Socibtt. 
*•        Proceedings  of  the  Royal  Geographical  Society,  New  Series,  Vol.  II,  Nos.  8-11 
(1880),  8to,  London. 

Thb  Socibtt. 
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LowDOK.— Quarterly  Journal  of  the  Geological  Society,  Vol.  XXXVI,  No.  143  (1880),  8vo, 

London. 

The  Socibtt. 
Lyok. — Association  Lyonnaise  det  Amis  des  Sciences  Naturelles,  Compte  Rendu,  1874  and 

1878-79,  8vo,  Lyon. 

P.  N.  Boss,  Esq. 
„      Museum  D'Histoire  Natnrelle  de  Lyon.    Rapport  sur  les  Travaux  ezdcut^s  pendan. 
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The  Nahan-Siwalik  unconformiiy  in  the  if^rth- Western  Himalaya.*-^?/  ^-  ^* 

Medlicott,  M.A.,  Geological  Survey  of  Indicu 

A  recent  examination  of  some  sectiotts  in  the  Ndban  hills  necessitates  a 
provisional  change  in  the  presentation  I  have  hitherto  given  of  some  stmctnral 
features  of  the  Snb-Himalajan  rocks. 

In  the  notices  of  the  Himalayan  region  published  by  the  Survey,  a  leading 
structural  feature  has  been  indicated  by  the  demarcation  of  the  sub-region  desig- 
nated as  tibe  lower  Himalaya,  or  outer  Himalaya — an  area  about  50  miles  wide 
of  deeply  eroded  hills  having  an  average  elevation  of  8,000  feet»  some  summits 
ranging  up  to  12,000,  between  the  first  great  range  of  snowy  mountains  and  the 
zone  of  Sub-Himalayan  hills  bordering  the  plains.  The  eastern  limits  of  this 
sub-region  are  not  known ;  on  the  west  it  terminates  abruptly  on  about  the  77* 
of  longitude,  where  its  boundary  runs  north  and  south  for  a  length  of  80  miles. 
That  thifi  feature  is  an  aboriginal  character  of  the  mountain-structure,  and  not 
principally  a  result  of  denudation,  is  abundantly  evident ;  not  only  do  the  boun- 
daries of  the  formations  conform  to  it,  but  also  the  strike  of  the  rocks ;  it  is, 
moreover,  contiguous  with  the  ground  where  the  main  gneissic  axis  of  the  great 
Himalayan  range  itself  splits  up  into  three  minor  terminal  axes,  those  of  the 
Dhauladhar,  of  Chamba  and  the  Pir-Panjdl,  and  of  the  ZiLnskar  range. 

Two  of  the  great  Himalayan  torrents,  the  Beas  and  the  Sutlej,  flow  in 
an  east-to-west  course  across  this  terminal  boundary  of  the  lower  Himalayan 
area. 

The  detailed  rock-structure  of  the  lower  Himalaya  exhibits  peculiarities  in 
strong  contrast  with  what  prevails  elsewhere.  This  is  betrayed  even  by  the 
nmple  hill-shading  of  the  maps,  despite  the  surveyor's  practice  to  represent  all 
ridges  as  spurs  of  some  contiguous  ridge,  unless  a  stream  flows  between ;  the 
great  irregxdarity  of  the  outlines  and  of  the  stream  courses  is  most  marked.  It 
is  in  the  geological  boundaries  that  this  character  comes  out  most  strikingly : 
elsewhere  the  formations  observe  a  very  marked  conformity  to  a  prevailing 
stiike ;  whereas  these  same  boundaries,  on  entering  the  lower  Himalayan  area, 
curve  about  in  a  most  serpentinous  manner.  This  is  fairly  exhibited  on  the  map 
published  with  my  Memoir  on  the  area  between  the  Ganges  and  Bdvi  (Memoirs, 
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Vol.  Ill,  Pt.  2).^  Traces  of  each  type  of  structure  are  to  be  seen  in  the  region 
where  the  other  type  prevails :  as  in  the  general  distribution  of  the  lower  Hima- 
layan formations  parallel  to  the  mountain  system,  and  especially  in  the  steady 
strike  of  the  Sub-Himalayan  ranges  ;  and,  to  the  nqj^-west,  there  is  the  marked 
embayment  of  the  upper  tertiary  rocks  at  the  gorges  of  the  Ravi  and  the 
Chinab. 

The  question  is,  what  interpretation  to  put  upon  this  apparent  contrast  of 
relations  of  the  same  rock-series  in  these  contiguous  areas.  In  the  western  area, 
where  the  greater  regularity  of  feature  prevails,  the  structure  seems  resolvahle 
into  great  flexures  of  the  strata,  often  folded,  with  inversion  and  faulting ;  and 
this  is  the  view  adopted  (still  with  partial  reserve)  for  the  Dhauladhar  and  the 
Pir-Panjal,  and  for  the  ranges  of  tertiary  rocks  outside  them.  In  view,  then,  of 
the  presumed  fact  that  the  Dhauladh&r  is  but  a  diminished  result  of  the  forces 
which  produced  the  great  Himalaya  axis  to  the  south-east,  can  we  look  upon  the 
structural  features  of  the  lower  Himalaya  as  also  an  extreme  result  of  the  same 
causes  and  conditions  ?  In  both  sections  the  newer  rocks  seem  to  pass  beneath 
the  older  :  in  the  Dhauladh&r  this  oicurs  only  on  the  south  side  as  in  a  simple 
folded  flexure ;  whereas  in  the  ridge  between  the  valleys  of  the  Beds  and  the 
Sutlej,  the  gneiss  seems  to  overlie  the  slates  on  both  sides ;  still  this  might  only 
be  a  doubly  folded  flexure,  in  which  the  bulging  over  took  place  impartially  on 
either  side.  In  the  former  case,  however,  the  inverted  sequence  of  the  rocks  is 
recognisable ;  whereas  in  the  latter  the  newer  rocks  seem  to  be  in  normal  order  np 
to  the  junction ;  and  this  observation  (if  correct)  would  sugg^t  the  supposition 
that  the  relative  positions  of  the  two  rock  series  is  in  some  degree  aboriginal ;  a 
view  which  would  also  make  the  irregular  outline  of  the  boundary  easy  of 
explanation.  But  it  would  be  useless  to  drive  this  point  further  while  the  data  of 
observation  are  so  deficient. 

It  is  in  the  boundaries  of  the  older  rocks  that  this  character  of  irregularity 
of  direction  is  most  conspicuous  in  the  lower  Himalaya,  but  in  the  tertiary  series 
also  it  is  very  well  marked  as  compared  with  the  western  region  ;  and  for  the 
lower  member  of  this  series  the  cause  of  this  peculiarity  is  sufficiently  evident. 
In  the  strip  of  eocene  rocks  forming  the  border  of  the  lower  Himalayan  snh- 
i*egion  in  this  its  terminal  area,  we  have  the  base  of  that  formation  exposed,  not 
in  a  single  outcrop  along  a  general  flexure,  but  in  a  serrated  outline  and  in  oat- 
liers  as  weathered  out  in  minor  folds  of  the  supporting  rock.  It  seems  demon- 
strable that  these  basal  tertiary  rocks  were  here  laid  down  upon  a  deeply  eroded 
surface  of  the  slate  and  limestone  series,  when  these  had  as  yet  undergone  httle 
or  no  contortion,  and  that  there  were  in  this  position  many  local  inten-uptions,  and 
presumably  a  general  limit,  to  the  tertiary  deposits  ;  for,  strata  many  hundred 
feet  higher  in  the  series  than  those  upon  which  the  tertiary  clays  rest,  occur  in 
their  immediate  neighbourhood,  and,  if  the  older  rocks  were  then  still  uncontorted 
(as  seems  to  be  proven),  these  must  have  stood  up  as  eminences  in  or  at  the 
edge  of  the  nummulitic  water  basin.  The  beds  overlying  the  nummulitic  days 
do,  accordingly,  occur  resting  against  the  higher  members  of  the  older  rock 

1  The  work,  of  which  this  map  is  the  resolt,  was  principally  directed  to  the  tertiary  rocks,  so 
the  houndaries  of  the  older  rocks  are  only  sketched  in  from  a  few  points  of  ohservation. 
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series.  Evidence  to  the  same  effect  is  found  in  tlie  great  variation  of  thicknesB 
of  the  nnmmulitic  clays  'within  short  distances.  Thns  it  seems  provisionally 
eetablished  that  the  characters  of  the  honndary  of  the  eocene  rocks  -with  the 
older  formations  of  the  low^r  Himalaya  are  primarily  and  largely  due  to  original 
features  of  contact. 

The  question  of  stratigraphical  hreaks  within  the  tertiary  series  of  the  Sub- 
Himalaya  is  a  troubled  question.  Such  groups  have  been  well  established  in  the 
corresponding  series  in  Sind  ;  but  in  the  Sub-Himalayan  zone,  trans- Sutlej,  and 
especiaUy  trans- Jhelum,  all  observers  (including  myself)  have  hitherto  failed  to 
detect  any  definable  line  of  demarcation,  from  the  eocene  beds  up  to  the  newest 
Siwaliks.  Although  more  or  less  distinct  petrographical  characters  can  be 
asBigned  to  the  several  horizons  throughout^  they  are  so  transitional  from  one  to 
the  other  that  the  question  of  mapping  thiem  becomes  one  of  extreme  nicety ; 
for  not  only  are  the  changes  gradual  in  vertical  sequence,  but  horizontally,  certain 
characters  affect  zones  exceptionally,  e.^.,  as  a  general  rule  conglomerates  are 
restricted  to  the  top  group,  but  in  the  neighbourhood  of  the  great  rivers  this 
character  affects  much  lower  horizons.  I  strongly  suspect  that  in  this  way 
fossils  have  been  recorded  as  topmost  Siwalik,  though  really  from  a  lower  horizon  ; 
for  there  has  been  a  distinct  tendency  to  set  down  every  conglomerate  as  upper 
Siwahk.  I  have  suggested  (Manual,  p.  554)  the  almost  likelihood  of  the  suc- 
cessive zones  of  conglomerates  in  the  Eldngra  area  being,  some  or  all,  of  different 
ages ;  and  I  am  persuaded  (Z.  c.  p.  544)  that  in  the  Kathmdndu  section  the  con- 
glomerates of  the  inner  tertiary  zone  are  not  the  same  as  those  of  the  outer 
(tme  Siwalik)  one. 

I  have,  however,  insisted  (Manual,  Chap.  XXII)  on  the  demarcation  of 
tertiary  groups  on  the  lower  Himalayan  border,  at  least  in  the  Nahan  area,  in  a 
much  more  definite  manner  than  the  conjectural  distinctions  just  indicated.  The 
lower  tertiary  (Sirmur)  series  there  is  only  found  within  the  lower  Himalayan 
area  on  the  edge  of  which  they  are  upraised,  and  so  attain  an  elevation  never 
reached  in  the  Sub-Himalayan  zone,  from  which  they  are  separated  on  the  south 
by  what  I  have  called  the  "  main  boundary,'^  as  being  that  along  which  continu- 
ously the  slaty  rocks  of  the  mountains  are  cut  off  completely  from  the  newer 
tertiary  deposits.  It  is  a  well-defined  line,  and  along  it  on  the  border  of  the 
Sirmur  area  the  slates  are  still  frequently  exposed  beneath  the  eocene  rocks. 
The  two  closely  connected  questions  then  arise,-— what  is  the  nature  of  that 
boundary  ?  and  what  the  relation  of  the  tertiary  rocks  on  either  side  of  it  P  If 
the  boundary  were  simply  a  fault,  the  presumption  would  be  evident  that  the 
rock-series  on  either  side  had  originally  been  one  and  the  same.  No  approach 
to  identification  can,  however,  be  made  out.  The  nummulitic  marine  beds 
(Subdthu)  form  the  most  distinctive  group  at  the  base  of  the  Sirmur  series,  and 
tbey  are  largely  developed  at  many  points  to  the  north  of  and  at  the  boundary ; 
but  no  trace  of  them  has  been  found  in  the  N&han  zone  to  the  south,  although 
great  thickness  of  rocks  are  exposed  in  many  sections.  Notwithstanding  their 
exceptional  position  within  the  lower  Himalayan  boundary,  the  eocene  (Subd.thu) 
rocks  are  included  in  the  Sub-Himalayan  tertiary  series,  as  being  in  closely 
tnuQsitioiial  relation  with  overlying  deposits  in  which  the  well-marked  petrolo- 
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gical  types  of  the  Sub-Himalayan  rocks  are  well  developed ;  and  this  occurs 
in  the  Sirmur  area  as  well  as  in  the  Sub-Himalayan  f^und  proper  to  the 
north-west.  Thus  there  cannot  fail  to  be  a  certain  resemblance  between  the 
upper  members  (Dagshai  and  Kasauli  groups)  of  the  Sirmur  series  and  the 
rocks  of  the  adjoining  area.  It  would  be  easy  to  find  red  clay  or  purplish  grej 
sandstone  in  the  N£han  zone  indistinguishable  from  those  of  the  Dagshai  beds ; 
but  in  several  particulars,  and  as  a  whole,  the  strata  of  the  N£han  band  present 
nothing  like  the  correspondence  to  those  of  the  Dagshai  and  Kasauli  groups  that 
should  be  expected  on  the  supposition  of  their  having  been  once  parts  of  the 
same  deposits,  only  separated  by  a  faulted  fissure.  If  they  are  not  of  the 
same  age,  the  presumption  is  that  the  main  boundary  is  not  primarily  (as 
between  these  formations)  a  fault,  however  much  movement  may  have  taken 
place  along  it.  Other  features  of  this  boundary  have  been  cited  in  support  of 
this  view  (Manual,  p.  139). 

There  remains  the  outermost  zone  of  tertiaiy  rocks  and  its  relation  to  those 
of  the  Nihan  zone,  a  correction  wii^  reference  to  which,  as  previously  represented, 
it  is  the  object  of  this  note  to  bring  forward. 

Here,  again,  we  have  to  take  up  similar  facts  and  arguments  to  those  just 
noticed :  there  is  a  strongly-defined  line  of  contact  of  very  dissimilar  rocks.  If 
this  is  to  be  regarded  as  simply  a  fault,  and  the  rocks  on  either  side  of  it  as 
normally  continuous  in  regular  superposition,  we  should  have  to  descend  through 
several  thousand  feet  of  the  outer  series  before  finding  anything  like  the  Nihan 
rocks,  if  even  then  identification  could  be  fairly  made  out.  This  objection  of 
mere  magnitude  would  be  of  small  weight  by  itself :  but  there  are  other  facts 
suggesting  doubts  in  the  same  direction.  Firstly ,  there  is  the  abrupt  irregularity 
of  direction  in  this  boundary,  without  any  sign  of  cross-faulting  in  the  newer 
strata.  It  may  be  said  that  this  is  a  theoretical  objection ;  for,  who  can  lay 
down  the  limits  of  natural  possibilities  in  this  respect  ?  We  find,  however,  in  this 
veiy  region,  and  in  these  same  formations,  numerous  instances  where  the  character 
of  regularity  is  taken  as  the  strongest  evidence  of  the  features  being  true  fissure 
dislocations,  along  great  axes  of  flexure.  Secondly,  there  is  in  this  case  some 
strong  evidence  that  is  not  forthcoming  in  that  of  the  ''main  boundary :"  the 
newer  rocks  at  the  contact  are  principally  coarse  conglomerates  made  up  very 
largely  of  sub-angular  blocks,  often  of  a  cubic  foot  in  size,  of  the  sandstones  of 
the  Nihan  zone.  This  fact  aJone  is  often  taken  as  proof  positive  of  the  uncon- 
formity of  the  rocks  so  related ;  for  it  demonstrates  that  the  older  of  the  two  were 
extensively  disturbed  and  denuded  at  the  time  of  formation  of  the  newer  close  to 
the  present  line  of  contact,  which  is  the  meaning  of  "unconformity"  in  its  fullest 
sense. 

Thirdly — and  this  brings  us  to  the  correction  I  have  to  notice— I  represented 
an  actual  section  of  the  contact  from  which  it  could  be  absolutely  asserted  that 
no  faulting  whatever  had  occurred  there ;  that  it  was  only  a  steep  surface  of 
original  contact,  modified  by  subsequent  crushing.  This  was  an  obligatory  fact, 
and  as  such  it  put  all  other  evidence  into  the  shade  or  out  of  sight ;  and  I  have 
paraded  it  accordingly  as  settling  the  question  of  the  Nahan-Siwalik  uncon- 
formity at  this  spot  at  least,  and  as  pointing  b,  lesson  in  the  interpretation  we 
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might  or  slioald  sometunes  pat  apon  ao-called  faults.  The  resiatonce  mode  to 
botli  of  these  views  has  broDght  tbid  section  into  much  prominence,  and  I  have 
bog  been  anzions  that  some  one  should  rerif;  it,  Mr.  Theobald  had  ample 
□pportonily  to  do  eo  when  he  was  sent  to  that  veiy  gronnd  to  extend  my  work, 
and  especially  to  search  for  fossile  ;  bat  the  onlj  correction  be  bas  ever  sufi^ested 
to  the  "Tib  section"  was,  that  the  outer  rocks  at  the  contact  (c.  of  fig.  2)  might 
not  be  trne  Siwaliks — an  objection  that  is  quite  imtenable.  As  Mr.  Oldham  was 
working  in  that  neighbourhood,  I  requested  him  to  have  a  look  at  my  crucial 
Bection,  and  if  necessaiy  to  employ  labour  to  clear  the  ground.  This  be  had 
done-,  and  his  account  of  the  result  made  me  determine  to  visit  the  spot  again 
myself,  as  I  conld  not  make  so  great  a  renunciation  without  a  personal  inspection. 
After  my  visit  I  have  now  to  announce  that  the  representation  I  gave  of  the 
section  was  altogether  erroneous,  and  the  lesson  to  be  henceforth  connected 
with  it  is  quite  of  another  kind :  I  can  only  hope  that  the  eiperience  may  be 
(uefol  to  my  junior  colleagues  and  others,  as  an 'awful  warning' of  how  an 
earnest  observer  may  be  blinded  by  proclivities,  though,  at  die  time  the  observa- 
tion was  made,  I  did  not  suspect  the  prominent  use  I  should  make  of  it.  As  an 
apology  to  the  public,  I  can  only  mention  it  as  an  example  of  a  risk  that  must 
stbich  to  our  work  in  India,  where  we  rarely  have  an  opportunity  of  visiting 
any  spot  even  a  second  time. 

To  make  the  case  more  clear,  I  have  reproduced  tiie  diagram  (fig.  1)  I   gave 
in  my  original  description,'  and  also  a/ae  timile  (fig.  2)  of  the  sketch  in  my  field- 
book  (dated    Slst    January 
1861).    There  are  two  points 
of  error  to  be  corrected :  the 
beds  d  do  not,  as  1  thought, 
belong  to  the  series  e,     I  had 
not  then  detected  the  high, 
level     gravels     subsequently 
noticed  on  these  bills  in  the 
region  of  the  Sutlej,  and  to 
which  these  beds  d  belong; 
the     slight    slope    in    them 
(somewhat    exaggerated   in 
the    sketch)  is  only  one    of 
deposition.     A  more  serions 
error  was  committed  regard- 
ing the   bed    h,  in    placing  it    with  the    series     a,  whereas  it  really   belongs 
to  «.    I  find  it  duly  noticed  in  my  field-book  that    this     clay    is    of   the 
tjpe  of  the  outer  series,  but  1  was  decided  by  its  apparently  complete  conformity 
to  o,— which  fact,  if  correct,  would  overrule  the  other  one  ;  but  a  dip  is  not  easily 
observed  in  a  mass  of  clay,  and  1  believe  I  was  mistaken ;  the  more  so  as  I  am 
also  compelled  to  think  that  the  appearance  pven  to  the  beds  c,  as  dipping  down 
upon  b,  was  put  in  from  a  broken  section,  the  mass  b  being  really  some  yards  in 
front  of  the  face  c, — the  apparent  position  of  the  two  rocks  in  the  same  plain  of 
I  Memoin,  VoL  III,  Ft.  2,  p.  108. 
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bedding  being  due  to  a  slight  obliquity  in  the  strike  and  in  the  point  of  view. 
To  sum  up-— the  Tib  junction,  for  all  that  can  be  said  from  what  is  seen  of  the 
contact,  may  be  a  fault,  in  the  full  sense  of  that  term. 

A  word  is  necessary  a«s  to  how  I  failed  to  see  aU  this  when  I  visited  the 
spot  for  the  purpose,  in  1878,  as  mentioned  in  the  note  on  page  538  of  the 
Manual.  I  took  it  on  my  way  in  the  morning  of  a  very  long  day's  work,  at 
the  end  of  which  I  was  to  meet  my  conveyance  (doolie)  to  take  me  to  TJmballa. 
After  18  years'  contemplation  of  a  false  sketch,  to  which  1  had  attached  no  scale, 
the  original  features  had  become  so  transfigured  in  my  mind,  that  I  failed  to 
recognise  the  ground  from  which  I  had  made  the  picture.  I  expected  to  find 
a  neat  little  section,  for  the  key  I  had  so  boasted  of  could  easily  fit  within  a 
few  square  feet, —  so  masterful  a  key  would,  indeed,  be  more  likely  to  be  exposed 
on  this  scale — and  not  finding  it,  I  made  the  very  admissible  conjecture  in 
such  ground,  that  it  had  been  covered  by  a  fall  of  rock.  I  now  see  that  my 
sketch  was  meant  to  represent  the  whole  side  of  a  hill. 

Having  cried  peccavi  and  given  amends^  I  wish  to  state  briefly  how  we  stand 
in  consequence.  As  regards  the  unconformity^  it  wouldseem  superficially  thafc 
I  ought  to  retract  much  of  what  I  remarked  upon  Mr.  Theobald's  presentation 
of  the  Sub- Himalayan  tertiary  series  in  the  last  number  of  these  Records.  I  am 
unable  to  abate  one  word  of  those  remarks.  No  doubt  the  unconformity  is  an 
insuperable  difficulty  to  the  picture  there  given  of  these  formations,  as  one  un- 
broken sequence  of  deposits,  through  which  we  are  left  to  suppose  the  Himalaya 
were  bumped  up,  like  a  jack-in-arbox,  along  a  series  of  great  faults.  But  it  will 
be  seen  from  previous  statements  that  the  unconformity  must  stand  fast,  despite 
the  occlusion  of  the  particular  form  given  to  it  by  the  exploded  ''Tib  section." 
I  believe  that  the  essential  features  of  that  form  will  yet  have  to  be  adopted. 

The  influence  of  this  feature  upon  the  nomenclature  of  these  formations 
remains  an  optional  matter,  to  be  regulated  on  palasontological  grounds,  accord- 
ing to  the  connotation  it  may  be  ultimately  thought  desirable  to  give  to  the  term 
Siwalik,  whether  to  include  the  whole  neogene  ossiferous  series  of  the  Sub- 
Himalaya,  or  only  the  upper  groups  of  that  series. 

On  the  score  of  the  '  fault  question ,'  I  do  bitterly  regret  the  collapse  of  the 
Tib  section.  It  stood  as  a  compelling  instance  of  a  condition  of  rock-formation 
that  is  hardly  ever  taken  into  account,  yet  which  must  be  of  frequent  occurrence. 
The  distinguishing  marks  of  such  original  features  are  peculiarly  liable  to  obliter- 
ation,  and  thus  the  features  themselves  to  be  confounded  with  all  steep  surfaces  of 
contact,  as  faults,  to  the  utter  misunderstanding  of  the  natural  history  of 
the  rocks. 


Note  on  some  Gondw&na  Vertebrates. — By   B.  Ltdekker,  B.A.,  F.Z.S., 

Qeological  Survey  of  India, 
Subject, — The  recent  acquisition  by  the  Indian  Museum  of  some  additional 
remains  of  vertebrates  from  the  great  Gondwdna  series  has  once  again  directed 
my  attention  to  these  interesting  fossils,  and  has  led  to  the  penning  of  the  follow- 
ing notes.     These  notes  are  given  here  in  the  present  form,  because  it  will  be 
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some  time  before  I  shall  baye  an  opportasity  of  describing  these  remains  more 
fnllj,  and  also  becaose  I  have  still  a  hope  that  Professor  Hnzley  may  even  yet 
be  indnced  to  favour  the  scientific  world  with  his  promised  descriptions  of  the 
Indian  JEyperodapedon  and  Parasuckus.  The  remains  which  form  the  subject  of 
the  present  note  are  certain  remains  of  labyrinthodonts  lately  obtained,  among 
other  fossils,  from  the  Panchet  group  of  the  Gondwana  series  near  Rdniganj,  by 
Mr.  Ball  and  myself  > ;  and  also  some  remains  of  reptiles,  collected  by  Mr.  Hughes 
in  the  South  Bewah  coal-field,  which  have  been  referred  to  the  horizon  of  the 
Maleri  beds  of  Nigpur.^ 

Mandible  of  a  lahyrinihodont. — One  of  the  most  interesting  specimens  among 
the  Panchet  collection  is  the  greater  portion  of  the  right  ramus  of  the  mandible 
of  a  small  labyrinthodont,  showing  the  articular'  cavity,  and  the  greater  part  of 
the  dental  bone.  The  length  of  the  fragment  is  1*5  inches,  and  its  greatest  width 
017  inch.  It  shows  the  bases  of  six  anchylosed  teeth,  displaying  the  character- 
istic labyrinthodont  structure,  and  decreasing  in  size  from  before  backwards. 
The  teeth  are  sub-elliptical  in  cross-section,  the  longer  diameter  being  transverse. 
The  anterior  teeth  are  nearly  as  wide  as  the  jaw,  while  the  posterior  tooth  is 
extremely  minute,  and  placed  very  close  to  the  articular  cavity.  The  external 
snrfaoe  of  the  jaw  exhibits  the  characteristic  labyrinthodont  sculpture:  the 
portion  remaining  is  quite  straight. 

It  now  remains  to  consider  to  what  animal  this  jaw  should  be  referred.  Of 
the  known  labyrinthodonts  from  the  Panchet  rocks,  the  jaw  of  Oonioglyptue 
longirostrU^  as  is  shown  by  numerous  specimens  in  the  Indian  Museum,  differs 
very  widely  in  the  form  of  the  articular  portion  from  the  lower  jaw  under 
consideration,  and  is  further  distinguished  by  the  circumstance  that  the  teeth 
do  not  approach  within  a  considerable  distance  of  the  articular  cavity ;  the 
portion  immediately  in  advance  of  this  cavity  being  produced  into  a  sharp 
edge,*  while  it  is  quite  broad  and  flat  in  the  new  jaw.  The  jaw  of  the  only 
other  definitely  determined  labyrinthodont  fi*om  the  Panchet  rocks — Pachygonia 
incurvata^ — differs  in  toto  from  the  present  specimen.  In  figures  14  and  16  of 
Plate  III  of  my  own  memoir  on  the  Panchet  vertebrates,  a  portion  of  a  lower 
jaw  of  a  vertebrate  is  figured,  which  has  been  provisionally  referred  to  a  second 
species  of  Oonioglyptut.  The  teeth  in  that  jaw  are  distinguished  from  those  of 
the  present  specimen  by  being  antero-posteriorly,  in  place  of  transversely,  ellip- 
tical. In  figure  5  of  Plate  VI  of  Professor  Huxley's  memoir,  a  fragment  of  a 
labyrinthodont  jaw  with  three  teeth  is  figured  ;  these  teeth  much  resemble  those 
of  the  present  species. 

'  I  may  lemind  my  readers  that  the  vertebrate  fossils  from  these  beds  have  been  described 
firstly  by  Professor  Hnxley,  and  subsequently  by  myself  in  the  4th  series  of  the  "  Palseontologia 
Indica,'' Pts.  I  and  III. 

*  8e«  wpra,  Vol.  XIII,  p.  189  (Feistmantel). 

*  Loc,  «/.,  Part  I,  PL  VI,  fig.  2. 

*  The  specimen  figured  by  Professor  Huxley  does  not  exhibit  this  portion  in  a  perfect  condi- 
titm,  though  it  is  well  shown  in  other  specimens  in  the  Indian  Museum. 

'  Huxley,  L  c,  woodcut,  p.  6.  This  figured  mandible,  the  one  on  which  the  genus  was 
cttabiiahed,  has  been  in  the  keeping  of  Professor  Huxley,  who  promises  to  return  it  to  the  Indian 
If  oseoniy  Calcutta. 
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No  European  or  American  form  known  to  me  agrees  with  the  new  Panchet 
fossils,  and  hence  it  seems  probable  that  this  jaw  indicates  an  entirely  new  form 
of  labyrinthodont.  The  materials  available  are,  however,  so  slight  that  it  would, 
perhaps,  be  rash  to  fonnd  a  new  genus  on  the  present  evidence. 

Skull  of  Oonioglypius  longirostris.^^A.  fragment  of  the  right  half  of  the 
anterior  moiety  of  the  skull  of  Oonioglypius  longirostrts,  from  the  Panchet  rocks, 
shows  somewhat  more  of  the  anterior  extremity  than  occurs  in  the  original 
specimen.^  The  new  specimen  demonstrates,  as  far  as  it  goes,  the  correctness  of 
Professor  Huxley's  restoration. 

Orocodilian  from  the  Rewak  rocks.^-ln  noticing  the  fossils  obtained  by  Mr. 
Hughes  from  the  presumed  Maleri  horizon  in  South  Rewah,  Dr.  Feistmantel' 
has  referred  certain  crocodilian  remains  to  the  still  undescribed  Parasuchus  hiilopi 
of  Huxley,  of  which  the  type  specimens  are  in  the  Indian  Museum.  My  own 
examination  of  this  series  of  fossils  leads  me  to  the  belief  that  my  coUeagae's 
identification  is  somewhat  mistaken. 

The  best  preserved  remains  of  the  Bewah  crocodilian  comprise,  a  basiooccipital, 
the  angular  portion  of  a  mandible,  and  some  dermal  scutes,  one  of  which  is  of 
large  size.  The  scutes  appear  to  be  indistinguishable  from  those  of  the  Maleii 
Parasuchus,  but  as  these  do  not  appear  to  me  to  be  distinguished  by  any  well 
marked  characters  from  those  of  the  European  Belodon,  their  evidence  may  be 
counterbalanced  by  other  circumstances.  The  basi-occipital  evidently  belongs  to 
a  crocodilian  with  ununited  pterygoids,  and  differs  very  markedly  from  the  type 
basi-occipital  of  Parasuchus  hislopi.  As,  however,  this  last  is  still  undescribed, 
though  named  by  Professor  Huxley,  it  would  be  useless  to  attempt  to  distinguish 
the  two  ;  and  it  must  suffice  for  the  present  to  say  that  they  are  very  different. 
The  Rewah  fossil  is  much  like  the  corresponding  part  of  the  skull  of  Belodon. 
The  articular  portion  of  the  mandible  differs  from  the  corresponding  part  in 
Grocodilus  and  Belodon  ;  the  same  part  in  the  Maleri  crocodilian  is  unknown. 

It  would  be  rash  with  the  present  materials  to  say  whether  the  Rewah  cro- 
codilian is  generically  distinct  from  its  Maleri  cousin,  but  there  appears  to  me  but 
little,  if  any,  doubt  as  to  its  specific  distinctness. 

Hyperodapedon, — Dr.  Feistmantel  in  noticing  the  remains  of  the  Hyperod^i- 
pedon  from  Rewah  observes  "  jaws  apparently  of  the  same  animal  as  that  of  the 
Central  Provinces,  but  three  of  the  jaws  are  larger  than  any  hitherto  known 
from  the  same  place."  In  this  identification  my  colleague's  conclusion  agrees 
with  my  own ;  and  it  affords  considerable  probability  for  the  correlation  of  the 
Rewah  and  Maleri  vertebrate  horizons. 

As  noticed  by  Dr.  Feistmantel,  some  of  the  remains  of  the  Rewah  Hyperoda- 
pedon  indicate  a  much  larger  animal  than  any  hitherto  known,  and  I  shall  first 
of  all  endeavour  to  show  by  how  much  this  animal  exceeded  in  size  the  European 
H,  granii,  and  shall  then  notice  certain  points  which  seem  to  indicate  its  specific 
distinctness  from  the  latter. 

The  largest  of  the  Rewah  specimens  of  Hyperodapedon  consists  of  the  hinder 
part  of  the  right  palato-maxillary  bone,  showing  a  large  series  of  conical  teeth, 

»  Huxley,  I.  c,  PI,  VI,  fig.  1.  »  Loc.  cU. 
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in  regard  to  the  arrangement  of  which  more  will  be  said  below.  The  portion 
remaining,  judging  from  comparison  with  other  specimens,  certainly  does  not 
comprehend  more  than  two- thirds  of  the  complete  bone.  The  length  of  one  row 
of  teeth  is  4^  inches ;  the  complete  bone  would,  therefore,  be  at  least-  6^  inches 
in  length.  Now,  according  to  Professor  Huxley*  the  length  of  the  correspond- 
ing dentigerous  bone  in  a  large  specimen  of  JS*.  granti  is  2*75  inches;  and  the 
whole  skull  to  which  this  bone  belongs  has  a  length  of  not  less  than  7  inches. 
On  this  proportion  the  skull  of  the  Bewah  species  would  have  been  about  16 
inches  in  length.  Hence,  as  the  European  species  is  considered  to  have  been 
abont  6  feet  long,  the  Indian  one  would  havo  been  about  16  feet.  Now,  with 
regard  to  the  relations  of  the  two  forms.  Professor  Huxley^  observes — "I 
propose  to  give  a  full  account  of  the  Indian  species  elsewhere.  At  present 
I  merely  wish  to  observe  that,  for  the  most  part,  they  belong  to  animals  of  a 
larger  size  than  the  Elgin  specimen,  but  I  have  not  yet  discovered  any  g^unds 
for  regarding  them  as  specifically  distinct."  The  Indian  specimens  acquired 
snfasequently  to  those  sent  by  the  late  Dr.  Oldham  to  Professor  Huxley  do 
appear  to  me  to  present  characters  afEording  a  prima  fokcie  probability  of  belongs 
ing  to  a  species  distinct  from  the  European. 

In  his  description  of  the  upper  dentition  of  the  European  JJ.  granti^  Professor 
Huxley  shows  that  in  all  his  specimens  the  teeth  externally  to  the  characteristic 
median  groove,  form  either  one  or  two  rows ;  while  the  smaller  teeth,  internally 
to  this  groove,  always  form  two  rows. 

In  the  Indian  forms  the  smaller  specimens'  of  the  maxillo-palatines,  as  in  the 
one  of  the  right  side  figured  on  page  153  of  the  ''Manual  of  Indian  Geology,'* 
gf^nerally  show  two  rows  of  teeth  on  the  inner  side  of  the  groove^  and  at  least 
three  rows  on  the  outer  side.  In  larger  specimens  there  are  generally  three  or 
fonr  rows  of  teeth  on  the  inner  side,  and  four  or  five  on  the  outer  side  of  the 
groove  ;  the  linear  arrangement  on  the  outer  side  being  frequently  very  obscure. 
This  greater  complexity  of  the  dental  system  of  the  Indian  form,  coupled  with 
the  larger  size  which  it  seems  to  attain,  inclines  me  to  think  that  it  may  not 
improbably  belong  to  a  distinct  species,  for  which  I  would  propose  the  provisional 
name  of  H,  hnxleyi,  after  the  founder  of  the  genus. 

One  other  poipt  worthy  of  notice  presents  itself  before  concluding.  It  may  have 
stmck  the  reader  that  as  the  Gondwdna  lizard  presents  an  extraordinarily  wide 
triturating  surface  on  the  palati,  while  according  to  Professor  Huxley  the  lower 
jaw  of  the  European  form  only  presents  a  knife-like  edge  surmounted  with  a 
single  row  of  anchylosed  teeth  working  in  the  groove  in  the  upper  jaw,  it  is 
difficult  to  see  how  all  the  upper  teeth  are  to  be  worn  away.  This  apparent 
difficulty  is  partly  explained  by  three  fragments  of  the  Indian  lower  jaws,  of  which 
only  four  are  known.  These  specimens  show  that  the  ramus  not  only  carried  a 
Bingle  row  of  teeth  on  its  superior  trenchant  edge,  but  that  it  was  furnished  with 
another  row  on  its  outer  surface.  Some  specimens  show  that  this  outer  row 
was  set  on  a  ledge  of  the  ramus,  looking  nearly  upwards,  while  others  are  on  the 
flat  external  surface  of  the  ramus,  looking  nearly  outwards.   As  these  latter  teeth 

>  Qttar.  Jonr,,  Gcol.  See.,  18^9,  p.  144.  >  Loc.  cit,  p.  146. 
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are  not  worn  it  is  not  improbable  tbat  tbej  did  not  come  into  use  till  late  in  the 
life  of  tbe  animal,  wben  tbeir  relatiye  position  maj  bare  become  like  that  of 
tbe  teetb  in  tbe  iirst  mentioned  jaw.  Otberwise  tbe  jaw  must  bave  been  set  in 
8ucb  a  manner  as  to  admit  tbe  possibility  of  tbe  attrition  of  tbe  vertical  external 
surface  of  tbe  ramus  in  tbe  one  or  otber  of  tbe  rows  of  palatine  teeth.  Tbe 
presence  of  these  lateral  teetb  in  the  Ipwer  jaw  of  tbe  Gondwdna  lizard  would  seem 
to  lend  countenance  to  tbe  probability  of  its  being  distinct  from  its  European 
congener. 


OhservaUons  on  the  Ossiferous  Beds  of  H6ndes  in  Tibet.    By  B.  Ltdskkhr,  B.A., 

F.Z.S.,  Geological  Survey  of  India, 

It  not  unfrequently  bappens  that  scientific  questions  wbicb  baye  been  appar- 
ently  settled  once  for  all,  by  tbe  acquisition  of  new  facts  in  relation  to  them,  ar« 
subsequently  again  brought  on  tbe  tajne,  and  tbe  original  decision  either  reversed 
or  shown  not  to  rest  on  such  a  sure  basis  as  was  at  first  supposed.  Si^cb  reveiflals 
or  modifications  reflect  no  discredit  on  tbe  propounders  of  tbe  older  views,  which 
jn  many  cases  were  tbe  only  legitimate  conclusions  to  be  drawn  from  tbe  &ctB  at 
command. 

An  instance,  where  there  is  a  probability  of  tbe  original  conclusions  drawn 
from  them  being  liable  to  modification,  is  afforded  by  tbe  case  of  tbe  bones  of 
fossil  manmials  brought  across  tbe  Niti  pass,  from  tbe  plains  of  Hundes  in  Tibet. 

A  paper  from  tbe  pen  of  tbe  late  Dr.  Falconer,  written  probably  as  long  ago 
as  tbe  year  1839,  but  never  published  till  1868,  wben  it  appeared  in  the  pos- 
thumous "  PalsBontological  Memoirs"*  of  that  distinguished paJsaontologist,  gives 
All  the  information  tben  known  in  regard  to  tbe  occurrence  of  tbese  bones  in  the 
Hdndes  (Hioondes)  plains.  In  that  paper  it  was  clearly  demonstrated  that 
these  fossil  bones  were  brougbt  from  beyond  the  Niti  pass ;  tbe  strata  whence 
they  were  obtained  were,  bowever,  still  unknown.  Of  tbe  bones  at  that  time 
known,  some  were  stated  to  belong  to  various  forms  of  ruminants,  among  which 
a  bovine  animal,  and  a  goat,  whose  boms  were  twisted  after  tbe  fasbion  of  the 
living  Himalayan  markboor,  were  particularised.  Other  bones  were  determined 
to  belong  to  a  species  of  rbinoceros ;  wbile  a  single  tooth  was  referred  to  a 
bysena. 

At  a  later  period  some  of  tbe  best  preserved  of  tbese  and  otber  bones  from 
the  same  locality  were  figured  in  the  "  Fauna  Antiqua  Sivalensis "  where 
they  are  referred  to  a  rbinoceros  and  a  horse.*  Other  remains  from  tbe  same 
deposits  were  also  figured  by  Boyle  ;  notably  tbe  binder  portion  of  tbe  skull  of 
a  ruminant  wbicb  will  be  more  fully  noticed  below.* 

From  the  occurrence  of  the  bones  of  a  rhinoceros  it  was  inferred  by  Dr. 
Falconer  in  tbe  paper  quoted  tbat  tbe  Htindes  plain  bad  Been  raised  to  its  present 
enormous  elevation  subsequently  to  tbe  time  when  tbe  animals  of  wbicb  tbe  fossil 

•  Vol.  1,  p.  173. 
»  PU.  76,84. 

*  "  nioftrationa  of  the  Botany,  &c.,  of  tbe  Himala/a  mountains,"  pL  III.,  fig.  !• 
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remnins  are  found  flotLrislLed,  since  he  thought  it  impossible  that  such  an  animal 
oould  have  existed  at  an  elevation  of  15,000  feet,  which  is  the  present  height  of 
the  plain.  It  has  subsequently  been  considered  possible  that  these  fossil  bones 
corresponded  in  tege  to  some  of  those  obtained  from  the  Siwaliks  of  the  outer 
Hintalaya.^ 

At  a  later  period  other  bones  were  obtained  by  General  Strachey,*  who  inferred 
that  they  were  derived  from  **  the  great  undisturbed  diluvial  deposits  filling  the 
valley  of  the  Upper  Sutlej  to  a  depth  of  3,000  feet,  and  forming  the  wide  plain 
of  Hdndes.'*  Notwithstanding  this  determination,  General  Strachey  goes  on  to 
remark  that  *'  there  is  no  direct  proof  that  these  beds  are  marine,  no  shells  having 
been  obtained  from  them  ;  but  I  think  on  the  whole  that  the  probabilities  appear 
to  be  in  favour  of  this  plain  having  been  a  true  sea-bottom  rather  than  of  having 
been  occupied  by  a  detached  body  of  freshwater."  It  is  then  concluded  that 
these  Hfindes  beds  must  have  been  raised  from  the  sea  line  to  a  height  of  15,000 
feet  without  the  slightest  disturbance  of  their  horizOntality. 

Among  the  bones  obtained  by  General  Strachey,  some  were  referred  to  Equns 
and  Hippotherium ;  but  it  is  very  questionable  whether  the  materials  were  suffi- 
cient for  the  determination  of  the  latter.  A  skuU  was  considered  to  belong  to 
either  a  goat  or  a  sheep,  while  a  vertebra  was  referred  to  a  rhinoceros.  *  The 
other  determinations  are  doubtful. 

This  has  been  the  extent  of  our  knowledge  till  quite  recently,  when  Mr. 
Griesbach  has  briefly  noticed  the  Hfindes  diluvial  beds  in  the  last  volume  of  this 
publication.^  In  that  passage  it  is  stated  that  fragments  of  mammalian  bones 
were  obtained  from  these  horizontal  deposits,  whence  it  is  inferred  that  the 
specimens  previously  acquired  came  from  the  same  source.  The  very  important 
observation  is  also  made  that  these  horizontal  deposits  rest  (of  course  un- 
conformably)  upon  highly  tilted  tertiaries,  which  are  presumed  to  correspond 
with  some  members  of  the  Siwalik  series  of  the  outer  hills. 

There  being  now  very  strong  evidence  to  show  that  the  fossil  bones  are 
obtained  from  the  horizontal  deposits,  it  becomes  a  very  grave  question  whether 
Dr.  Falconer^s  and  General  Strachey's  conclusions,  that  the  Hdndes  plain  has  been 
raised  itom.  a  far  lower  level  to  its  present  elevation  since  the  time  that  the 
animals  whose  fossil  remains  are  found^  there  existed,  can  be  maintained. 
The  main  line  of  evidence  from  which  this  opinion  was  arrived  was  from  the 
supposed  impossibility  of  the  existence  of  a  rhinoceros  on  these  barren  plains, 
and  this  is  no  doubt  a  very  formidable  consideration.  It  is,  however,  on  the 
other  handy  extremely  difficult,  though  not  impossible,  to  imagine  how  these 
plains  can,  as  Dr.  Falconer  supposes,  have  been  raised  from  an  elevation  of 
7,000  to  15,000  feet,  without  disturbing  the  horizontaliiy  of  the  diluvial  depo- 
sits. Such  an  hypothesis,  it  appears  to  me,  can  only  be  adopted  on  the  most 
incontrovertible  evideface,  and  I  shall  proceed  to  enquire  whether  such  evidence 
is  forthcoming  in  this  instance. 

I  shall  first  proceed  to  show  that  there  is  a  great  probability  that  at  least 

>  '*  Manual  of  Qeology  of  India,"  p.  651. 
«  "  Quar.  Jour.  Soc./'  Vol.  VII,  p.  306. 
•  p.  91. 
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some  of  tlie  mammals,  which  lived  daring  the  deposition  of  the  H&ndes  diln- 
vinm,  were  such  as  now  inhabit  similar  altitudes;  while  the  question  of  the 
possibility  of  the  existence  of  a  rhinoceros  at  the  same  elevation  will  Bnl»e- 
^uently  be  touched  upon. 

The  skull  of  a  ruminant  figured  by  Boyle  has  been  already  alluded  to, 
but  may  now  be  considered  more  closely.  The  specimen  was  obtained  by 
Messrs.  Webb  and  Trail  from  the  Tibetan  traders,  and  is  said  to  be  at  the  pre- 
sent time  in  the  collection  of  the  Geological  Society  of  London.  No  reference 
is  made  by  Boyle  as  to  what  kind  of  animal  the  skull  belonged.  Dr.  Falconer, 
however,  stated^  that  it  belonged  to  a  member  of  the  cervine  group.  This  de- 
termination is  entirely  erroneous,  as  can  be  seen  at  once  by  a  comparison  of 
a  deer's  skull  with  Boyle's  figure.  The  specimen,  without  doubt,  belongs  to  some 
member  of  the  antelope  family.  I  have  made  a  comparison  of  the  figure  with 
the  skulls  of  all  the  Indian  members  of  this  group,  and  I  find  that  it  difEers 
very  widely  from  all  with  the  exception  of  the  skull  of  the  Tibetan  Pantholopi 
hodgBoni,  The  skull  of  that  animal  differs  from  the  skulls  of  the  Indian  antelope 
and  gazelles  by  the  greater  proportionate  length  of  that  portion  of  the  skull 
which  is  behind  the  horn-cores ;  by  the  very  distinct  depressions  on  the  parietala 
for  the  temporal  muscles ;  and  also  in  the  exceedingly  small  size  of  the  frontal 
foramina  at  the  base  of  the  horn-cores.  The  skull  of  Fantholops  is  farther 
noticeable  for  the  great  lateral  compression  of  the  horn-cores,  in  which  charac- 
ter it  differs  most  markedly  from  the  Indian  black  buck. 

In  all  the  above  mentioned  points  the  imperfect  skull  figured  by  Boyle 
agrees  so  closely  with  the  skull  of  Pantholops  hodgsoni,  that  it  is  impossible  to 
say,  without  the  original  specimen,  whether  the  two  do  not  belong  to  the  same 
species,  and  it  may  be  safely  asserted  that  there  is  every  probability  that  they 
belong  to  the  same  genus.  This  being  so,  I  venture  to  propose  for  Boyle's  speci- 
men the  provisional  name  of  PantJiolojps  hundesiensis^  from  the  place  where  the 
skull  was  obtained.*  There  is  of  course  a  certain  element  of  uncertainty  in 
determining  the  affinities  of  a  fossil  merely  from  the  study  of  a  figure,  but 
the  resemblances  between  the  skull  in  question  and  that  of  Panthohps  hodgsoni  are 
so  strong  that  they  appear  to  justify  the  provisional  assigning  of  the  two  to  the 
same  genus. 

It  thus  appears,  that,  as  far  as  can  be  determined,  the  bones  of  fossil  TWftmTnfiJfl 
hitherto  obtained  from  the  plateau  of  Tibet  may  probably  be  referred  to  the 
following  genera,  viz,,'^ 

Buminants  (?)  Pantholopa. 

Bos  or  allied  genus. 
(?)  Ovis. 
Oapra. 

Perissodactyles  Equtbs  (?  a  Hippotherium). 

Bhinoceros. 

Carnivores  (?)  Hyana. 

*  Loo  oit,  p.  179. 

'  I  may  express  a  hope  that  this  paper  maj  meet  the  eye  of  some  member  of  the  Geological 
Society,  who  may  be  induced  to  search  out  the  fossil  skull  in  question,  and  compare  it  cai«fally 
with  the  skull  of  P.  hodgtoni. 
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With  regard  to  these  genera,  the  first  inhabits  the  highlands  of  Tibet  only, 
being  seldom,  if  ever,  found  below  an  elevation  of  13,000  feet :  it  occurs  abund- 
antly on  the  Hundes  plains.  The  genus  BoBy  in  its  original  wide  sense,  is 
repiesented  in  Tibet  at  the  present  time  by  \hQ  ydk  (Bison  or  Pcephagus), 
OvU  and  Oapra,  the  latter  in  the  form  of  the  ibex,  occur  abundantly  in  many 
parts  of  the  Tibetan  region ;  while  Equua  is  also  a  very  characteristic  Tibetan 
genus.  As  to  the  occurrence  of  Hycsnay  1  [am  somewhat  doubtful  as  to  correct- 
ness of  this  determination  ;  but  I  see  no  reason  why,  since  Feh's  occurs  in 
Tibet^  this  genus  should  not  formerly  have  had  a  similar  range.  As  far,  therefore, 
as  these  five  genera  go,  there  is  no  reason  for  supposing  that  their  fossil  represen- 
tatiyes  did  not  live  at  the  present  elevation  of  Hundes ;  while  the  first  of 
them,  if  rightly  determined,  is  strongly  in  favour  of  such  a  view. 

There  only  remains  the  question  of  rhinoceros ;  and  it  may  now  be  considered 
irhether  the  evidence  in  favour  of  the  deposition  of  the  Hundes  strata  at  a  much 
lower  level  than  their  present  one,  as  adduced  from  the  presence  of  this  genus, 
iflso  strong  as  was  supposed  by  Falconer,  and  whether  it  is  not  counterbalanced 
by  the  evidence  from  the  present  position  of  the  strata. 

The  improbability  of  a  whole  series  of  strata  being  carried  up  through  an 
elevatory  movement  of  many  thousand  feet,  without  the  slightest  disturbance  of 
their  original  horizontality,  has  already  been  alluded  to.  The  question  may, 
however,  be  regarded  from  another  point  of  view, — ^namely,  the  probable  age  of 
the  Hundes  diluvial  strata. 

In  other  parts  of  Tibet  and  the  neighbouring  regions  of  the  Himalaya,  there 
occur  numerous  instances  of  lucustrine  and  diluvial  strata,  which,  except  in 
Kashmir,  are  always  horizontal,  and  which  have  been  generally  referred  to  some 
part  of  the  pleistocene  period,  but,  perhaps,  sometimes  also  contain  represen- 
tatives of  a  part  of  the  upper  pliocene.  In  many  parts  it  l^as  been  also  inferred 
on  strong  evidence  that  these  strata  are  of  pre-glacial  origin.  Again,  in  all  regions 
of  the  Himalaya  where  lower  pliocene  and  mioeene  strata  are  known,  these  have 
always  been  subjected  to  a  greater  or  less  degree  of  disturbance,  and  in  Kashmir 
this  disturbance  has  acted  on  strata  which  are  either  of  pleistocene  or  upper 
pUocene  age.  Again  the  Hundes  diluvial  beds  rest  on  highly-disturbed  tertiary 
strata,  which  have  been  provisionally  referred  to  some  part  of  the  Siwalik 
(plio-miooene)  epoch. 

Now  the  known  fauna  of  the  Hiindes .  beds  comprises  (with  the  exception  of 
the  alleged  occurrence  of  Hippotheriumf  which  does  not  appear  to  me  to  rest 
on  sore  grounds)  only  living  genera  of  mammals,  all  the  extinct  Siwalik  genera 
being  conspicuous  by  their  absence ;  and  I  accordingly  come  to  the  conclusion, 
from  this  and  from  the  foregoing  conditions,  that  the  beds  in  question  are 
probably  of  pleistocene  age,  and  almost  certainly  not  older  than  upper  pUocene.^ 

*  In  previous  papers,  not  having  entered  at  any  length  into  the  fauna  and  position  of  these  heds, 
I  have  followed  the  old  lead  of  classing  them  with  the  Siwaliks.  It  may  be  objected  that 
my  inductions  as  to  the  genera  of  mammals  not  occurring  in  these  beds  are  based  upon  insufficient 
grounds.  The  teeth  of  mastodon,  however,  so  common  in  the  Siwaliks,  if  they  occurred  in  the 
H6ndes  beds,  would  be  the  most  likely  specimens  to  attract  the  attention  of  travellers  and 
txaders. 
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Assuming,  then,  the  probability  of  the  at  all  events  partly  pleistocene  age  of  the 
Hiindes  beds,  a  very  great  difficulty  presents  itself  if  we  suppose  these  beds 
io  have  been  deposited  many  thousands  of  feet  below  their  present  elevation. 
We  have  seen  reason  to  believe  that  the  analogous  strata  in  other  districts 
of  the  Himalaya  were  deposited  before  the  glacial  period,  bnt^  as  they  are 
of  pleistocene  age,  not  very  much  before  this  epoch.  Hence,  on  Falconer's 
hypothesis,  the  Hdndes  beds  would  seem  to  have  been  deposited  shortly  before 
the  glacial  period,  at  a  time  when  the  Himalaya  was  only  half  its  present  height. 
This  lands  us  in  the  dilemma  either  that  the  great  glaciation  of  the  Himalaya 
took  place  when  these  mountains  were  only  half  their  present  height,  which  is  in 
the  highest  degree  improbable ;  or  that  these  mountains  were  raised  a  height  of 
8,000  feet  during  the  pleistocene  period,  immediately  before  the  glacial  epoch. 
It  is  very  questionable,  on  this  latter  view,  whether  there  could  have  been  time 
during  this  period  for  such  a  gigantic  upheaval,  unless  we  assume  it  to  havd 
been  a  sudden  one,  which  is  extremely  unlikely. 

On  the  other  hiad,  if  we  consider  that  the  Hiindes  beds  are  of  post-glacial 
origin,  then  we  must  assume  either  that  the  great  glaciation  took  place  at  the  low 
elevation  indicated  above,  or  that  after  this  glaciation  the  H6ndea  plain  was 
first  depressed  8,000  feet,  and  then  again  raised  to  its  present  level. 

On  the  only  other  possible  hypothesis,  namely,  that  the  Hfindes  beds  are  of 
lower  pliocene  or  tipper  miocene  age,  we  are  compelled  to  traverse  the  induction 
as  to  the  age  of  these  deposits,  gathered  from  analogous  deposits  in  the  neigh- 
bouring parts  of  the  Himalaya ;  and  we  are  further  confronted  by  the  fact  that 
the  tilted  strata,  unconformably  underlying  the  Hdndes  diluvial  beds  thenoselves, 
probably  represent  the  lower  pliocene  and  upper  miocene. 

We  see,  therefore,  that  there  are  unquestionably  very  serious  difficulties  in 
accepting  the  Falconerian  hypothesis ;  and  we  may  now  proceed  to  consider  the 
question  of  the  possibility  of  the  former  existence  of  a  rhinoceros  on  the  Hdndes 
plains.  Dr.  Falconer,  in  treating  of  the  present  physical  conditions  and  climate 
of  Hdndes,  observes :  '^  It  is  very  certain  that  no  rhinoceros  of  the  present 
time  could  exist  for  a  day  in  such  a  habitat ;  and  if  we  suppose  the  Tibetan 
species  to  have  been  clothed  with  a  dense  fur,  like  the  Siberian  species,  the 
carcass  of  which  was  brought  to  Pallas  from  latitude  64°  on  the  banks  of  the 
Lena,  still  the  tract  could  never  have  subsisted  it;  for  although  it  has  been  urged 
by  Dr.  Fleming  that  the  single  analogy  of  anatomical  structure  in  the  living 
species  is  not  sufficient  to  guide  us  to  a  conclusion,  or  even  a  conjecture,  as  to 
the  habits,  geographical  distribution,  or  food,  of  extinct  species,  so  clearly  shown 
in  the  lichen  food  of  the  reindeer,  still  there  is  a  limit  to  the  force  of  this 
objection,  and  it  only  applies  in  certain  cases.  In  the  case  of  the  JB^tnocero*  the 
incisive  teeth  are  deficient  in  number,  and  the  greater  portion  of  tiiem  rudi- 
mentary in  form  and  even  deciduous.  It  may,  therefore,  be  very  safely  predi- 
cated of  all  the  species,  fossil  or  existing,  that  they  could  never  subsist  by  browsing 
on  a  herbaceous  vegetation :  they  want  the  nipjper«  which  enable  the  horse  and 
ruminants  to  subsist  on  low  grass ;  and  their  food  must  either  be  derived  from 
large  reeds,  shrubs,  or  trees,  none  of  which  are  now  found  in  Tibet." 

Now,  assuming  that  the  incisive  dentition  of  the  Hdndes  rhinoceros  vras 
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Rizailar  to  tbftt  of  liyiog  species,  which  it  probably  was,  it  may  be  freely  granted 
that  the  animal  was  not  such  a  close  grazer  as  a  horse  or  sheep,  ^  To  any  one, 
howsTer,  who  has  seen  a  rhinoceros  in  captivity  plucking  off  tnf  ts  of  comparatively 
sbort  grass  with  its  npper  lip  and  tongne,  it  wonld  seem  not  impossible  for  the 
ftnimal  to  have  obtained  a  certain  amount  of  sustenance  from  the  short,  dry 
kerbi^  now  found  in  Tibet ;  though  I  do  not  think  it  possible  that  the  animaJ 
ooold  have  e^ted  on  vegetation  like  the  present. 

There  is,  however,  another  very  important  element  which  enters  into  the 
question,  and  that  is  that  there  are  some  indications  that  the  climate  of 
Tibet  was  probably  at  one  time  more  genial  and  moistdr  than  at  present, 
and  that^  at  all  events,  far  more  water  was  present  in  the  valleys  than  now. 

The  Hdndes  plain,  at  whatever  elevation  it  stood,  must  certainly  have  con- 
tained a  large  lake,  or  series  of  lakes,  at  the  time  of  the  deposition  of  the  mam- 
mahferous  strata ;  and  there  is,  therefore,  every  probability  that  the  borders  of 
this  lake  were  fringed  with  a  reedy  and  bushy  vegetation,  as  is  now  the  cas^ 
in  such  parts  of  Tibet,  where  marshy  valleys  occur,  as  in  the  valley  of  the  Chang- 
Ghenmo  river.  Again,  since  a  great  number  of  the  lakes  in  Tibet  show  unmistak- 
able signs  that  in  place  of  having  always  been,  as  now,  salt  lakes  with  no  outlet, 
they  were  once  filled  to  a  much  higher  level  (40  feet  in  some  cases)  than  at 
present,  and  that  other  vast  lakes  existed  where  there  are  now  barren  plains,  it 
has  been  inferred  that  the  climate  of  Tibet  was  formerly  much  milder  and 
moister  than  at  present.*  Now,  even  at  the  present  time,  with  the  aid  of  artifi- 
cial moisture,  grain  is  grown  at  an  elevation  of  15,000  feet^  (the  elevation  of 
Hdndes)  in  Tibet,  and  it  accordingly  seems  that  the  want  of  moisture  is  one 
of  the  great  elements  of  the  present  barrenness  of  the  country.  Hence  it  is  only  a 
fair  induction  to  suppose  that  in  former  times  the  vegetation  of  Tibet,  though 
of  course  never  luxuriant,  owing  to  the  altitude,  may  once  have  been  far  more 
abundant  than  at  present.  The  willow,  poplar,  tamarisk,  pencil-cedar,  and 
Eleagnus  now  forming  the  chief  trees  of  Laddk,  and  some  of  which,  according 
to  General  Cunningham,  now  thrive  at  an  elevation  of  13,500  feet,  may  not  im- 
probably in  a  moister  and  milder  climate  have  had  a  greater  development  than 
at  present,  and  may  have  grown  at  elevations  where  they  are  now  unknown. 

That  a  rhinoceros  can  live  on  the  shoots  and  branches  of  kindred  trees  and 
bushes,  together  with  grass,  has  been  shown  by  Dr.  Schmalhausen's  researches 
on  the  composition  of  the  vegetable  matter  found  in  the  interstices  of  the  teeth 
of  the  Siberian  tichorine  rhinoceros\  These  researches  have  shown  that  the 
food  of  this  animal  consisted  of  the  shoots  and  small  branches  of  pines,  larches, 
and  birches,  together  with  grass  and  heath. 

^  A  hone,  from  having  inciMm  in  both  jaws,  ia  a  closer  grazer  than  a  large  ruminant  like  the 
ox;  a  nnall  raininant,  like  the  eheep^  however,  in  spite  of  the  aboence  of  upper  incisors,  can  graze 
closer  than  the  hone,  on  account  of  the  smaller  size  of  its  bite. 

'  See  Cunningham's  ''Ladak,"  p.  190.  The  author  has  shown  that  shells  now  found 
fimg  only  at  an  elevation  of  ll/KX)  feet  aro  f oond  fossils  at  an  elevation  of  16,000.  This  of  course 
cote  two  ways. 

s  Hid. 

4  "Menu  Imp.  OeoL  Inst.,  Vienna,"  January  23rd,*  1877. 
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A  wriier  in  the  Qeological  Magazine^  has  lately  shown  that  at  the  time 
the  tichorine  rhinoceros  inhahited  Siberia,  the  country  at  first  enjoyed  a  far 
more  genial  climate  than  at  present,  |and  was  probably  covered  with  forests 
where  all  is  now  a  barren  waste.  The  animal  was  covered  with  a  thick 
coat  of  far  and  wool  to  withstand  a  certain  amount  of  cold,  but  would  seem 
to  have  been  eventually  swept  away  from  these  regions  by  the  increasing 
cold  of  the  glacial  period  and  consequent  barrenness  of  the  countiy.  That 
it  did,  however,  live  for  a  part  of  its  time  in  an  arctic  climate  is  proved  bj 
the  occurrence  of  its  remains  with  the  flesh  and  skin  still  undecomposed  in  the 
frozen  soil  of  Siberia. 

With  this  example  before  us,  and  seeing  the  probability  that  the  plains  of 
Hfindes  may  formerly  have  enjoyed  a  more  genial  climate  than  at  present,  and  a 
consequently  more  abundant  vegetation,  it  does  not  seem  to  me  to  be  entirely 
beyond  the  bounds  of  possibility  that  a  rhinoceros  may  once  have  found  the  means 
of  subsistence  on  these  at  present  bleak  and  barren  plains.  The  Hiindes  beds,  as 
we  said,  judging  from  the  analogy  of  very  similar  deposits  in  other  parts  of  the 
Himalaya,  were  probably  deposited  before  the  last  great  extension  of  the  glaciers, 
and  we  may  thus  imagine  that  it  was  this  accession  of  cold  that  rendered  the 
Tibetan  plains  uninhabitable  for  a  time,  since  which  they  have  never  regained 
their  warmer  pre-glacial  climate.  Further,  supposing  that  a  rhinoceros  did 
formerly  inhabit  these  plains,  it  would  not  be  necessary  to  assume  that  it  lived 
there  throughout  the  year,  but  rather  that  it  was  merely  a  summer  visitor,  and 
that  during  the  colds  of  winter,  which  at  such  an  elevation  must  always  have 
been  severe,  it  sought  protection  and  food  in  the  warmer  valleys  below. 

There  is,  however,  still  another  possible  element  in  the  case.  Although  we 
have  considered  it  probable  that  any  such  elevation  as  that  supposed  by  Strachey 
and  Falconer  ha-s  taken  place  since  the  deposition  of  the  Hundes  beds,  yet  the 
occurrence  of  a  minor  elevation  since  that  epoch  is  by  no  means  improbable. 
An  elevation  of  1,000  or  1,600  feet  is  a  vastly  different  matter  from  the  enormous 
elevations  required  by  the  above  writers,  and  might  have  taken  place  with  very 
little  disturbance  of  the  general  relations  of  the  country.  If  the  Hundes  plain 
were  1,500  feet  lower  than  at  present,  during  a  warmer  and  moister  epoch  it 
would  have  unquestionably  borne  an  abundant  vegetation.  The  possibility  of 
such  a  minor  elevation  is  countenanced  by  the  fact  that  the  pleistocene  lacustrine 
strata  of  the  valley  of  El&shmir  have  undergone  a  considerable  amount  of  dis- 
turbance. 

Finally,  it  appears  to  me  that  in  the  face  of  the  foregoing  considerations,  it 
would  be  wiser,  at  least  for  the  present,  to  suspend  our  judgment,  rather  than 
to  commit  ourselves  to  the  uncompromising  assertion  that  the  diluvial  beds  of 
Hundes  were  deposited  at  an  elevation  variously  estimated  from  8,000  to  15|000 
feet  below  their  present  level. 

>  Mr.  H.  H.  Howorth.    '<  The  Mammoth  in  Siberia."    December  1880. 


PABT  1.] 


fitJGHBS :  Note  on  Mining  Records. 


185 


Haies  on  Mining  Records,  and  the  Mining  Record  Office  of  Great  Britain ;  and  the 
Goal  and  Metalliferous  Mines  Acts  of  1872  (^England)  ,^By  T.  W.  H. 
Hughes,  A.R.  S.M.,  F.Q.S.,  Geological  Survey  of  India, 

After  the  passing  of  the  Metalliferons  Mines  Act  of  1872  in  England,  making 
certain  dnties  obligatory  on  owners  of  nnder-gronnd  workings,  the  advisability 
of  applying  some  of  the  provisions  of  the  Act  to  India  was  actively  discussed, 
and  several  minntes — amongst  which  was  one  by  the  Superintendent  of  our 
Survey — ^were  recorded.  The  appointment  of  rilining  inspectors  was  not  urged 
with  any  great  force,  the  necessity  for  such  officers  finding  Utile  warrant  in  the 
state  of  the  mineral  industry  of  the  country.  The  relations  between  miners 
and  proprietors  were  such  that  the  former  enjoyed  a  degree  of  almost  perfect 
independence ;  there  was  no  deficiency  in  ventilation,  the  multiplicity  of  shafts 
to  every  colliery  being  a  subject  of  amusement  to  the  newly-imported  British 
mining  engineer ;  fire  damp  was  practically  unknown,  owing  to  the  shallowness 
of  the  workings ;  and  the  ordinary  precautions  to  ensure  life  were  not  glaringly 
disregarded.  The  value  of  having  and  preserving  records  of  mineral  produce 
and  plans  of  workings,  however,  was  insisted  upon,  and  I  am  anxious  to  show, 
by  a  short  reference  to  the  history  and  progress  of  the  Mining  Record  Office  in 
London,  how  useful  for  the  present,  and  how  profitable  for  the  future,  would  be 
the  establishment  of  a  Hke  institution  in  India. 

Of  course,  there  is  no  level  comparison  between  this  country  and  Great  Britain, 
tbe  outturn  of  our  most  abundant  produce,  coals,  being  (for  1878)  1,000,000  tons* 
a  year,  as  against  132^  millions ;  but  our  mineral  industries  will  expand,  and  by 
accepting  the  wisdom  that  is  set  before  us,  we  shall  have  the  advantage  of  an 
almost  perfect  series  of  records,  dating  from  the  time  of  British  supremacy; 
and  by  recognising  practically  the  duty  we  owe  to  the  future,  we  shall  save  our- 
selves from  the  reproach  of  improvidence. 

Most — I  do  not  think  I  can  say  all — of  the  coal-owners  of  Bengal  have, 
I  believe,  more  or  less  perfect  records  of  the  out-turns  and  the  state  of  their 
workings ;  but  this  was  not  always  so,  and  it  is  within  my  own  recollection 
when  our  Department  pointed  out  the  gain  to  their  several  interests  by  the  con- 
struction of  accurate  plans,  and  the  advisability  of  keeping  them  well  up  to 
date.  But,  though  this  be  done  by  the  more  enlightened  proprietors,  there  will 
always  be  those  who  through  carelessness,  or  indifference,  or  suspicion,  will  fail 
to  meet  their  responsibilities ;  and  it  is  to  guard  against  the  loss  of  valuable 
national  statistics  that  a  Government  Mining  Record  Office  is  required.  Here 
careful  and  permanent  preservation  can  be  relied  upon,  and  the  most  perfect 
facilities  for  inspection  (under  certain  conditions)  be  ensured. 

The  Mining  Record  Office  of  Oreat  Britain  was  established  in  1840.  The 
immediate  impulse  that  led  to  its  sanction  was  given  by  the   Council  of  the 


'  Hade  ap  as  follows  : — 
Raniganj  coal-field 
Karharbari      „ 
Wardha  Valley  coal-field 
Mohpani  coal-field 


Tons. 
...  522,000 
...  434,000 
...     45,000 
...     18,000 

C 
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Britist  Association,  at  the  meeting  held  in  Newoastle-npon-Tyne  in*  1838,  when 
they  passed  a  resolution  to  the  following  effect :  "  That  it  is  the  opinion  of  this 
meeting  that  with  a  view  to  prevent  the  loss  of  life  and  property  which  will 
inevitably  ensne  from  the  want  of  accnrate  mining  records,  it  is  a  matter  of 
national  importance  that  a  depository  should  be  established  for  the  collection  and 
preservation  of  such  mining  records,  of  subterranean  operations  in  collieries 
and  other  mining  districts." 

A  most  influential  committee  was  formed,  comprised  of  those  most  interested 
in  the  mining  industries  of  the  kingdom.  This  committee,  termed  the  ''Mioisg 
Records  Committee,"  drew  up  a  memorial  calling  the  attention  of  the  Govern- 
ment to  "  the  expediency  of  establishing,  as  soon  as  possible,  a  National  Deposi- 
tory,  for  the  preservation  of  documents  recording  the  mining  operations  of  the 
United  Kingdom." 

The  result  of  this  was  that  the  Government  adopted  the  recommendation 
of  the  "  Mining  Records  Committee  "  of  the  British  Association,  and  in  the 
autumn  of  the  year  1840,  the  Mining  Record  Office  was  established. 

The  objects  to  which  the  office  has  since  been  devoted  are — 

Ist^  the  collection,  arrangement,  and  preservation  of  all  plans  and  sections 
of  the  subterranean  workings  of  mines  and  collieries  both  those  which 
are  now  in  process  of  exploration  and  development,  and  such  as  have 
been  or  may  be  abandoned ; 

2n<2,  the  collection  of  statistical  information  connected  with  the  mineral 
produce  of  the  United  Kingdom  ; 

Zniy  the  collection  and  registration  of  every  kind  of  information  connected 
with  the  phenomena  of  our  mineral  formations,  of  whatever  descrip- 
tion these  may  be. 

For  those  who  may  not  place  much  value  on  remarks  made  in  my  own 
personality,  I  would  refer  them  to  the  celebrated  Werner,  who  in  his  "  Theory 
of  Mineral  Veins  "  describes  the  manner  in  which  mining  plans  should  be  con- 
structed, and  comments  on  the  advantage  of  having  such  plans  and  geognostic 
descriptions  of  every  mining  district.  "  Such  a  collection,"  he  observes,  "  (the 
plans  and  description  of  the  district)  form  together  a  complete  and  instructive 
whole.  If  our  ancestors  had  left  us  such  documents  for  two  centuries  past, 
or  even  for  half  a  century,  what  advantage  would  it  not  have  been  to  us? 
From  what  doubts  would  it  not  have  relieved  us !  With  what  anxiety  do 
we  not  turn  over  the  leaves  of  ancient  chronicles,  in  search  of  information  1 
With  what  pains  do  we  not  rake  up  the  old  heaps  of  rubbish  brought  out  of 
old  excavations,  to  find  pieces  which  may  afford  us  some  idea  of  the  substances 
formerly  worked  in  them !  With  what  pleasure  do  we  not  receive  the  least 
sketch  or  plan  of  some  ancient  mine !  Yet,  between  these  documents  and  those 
we  might  obtain  in  the  way  pointed  out,  there  is  as  much  difference  as  between 
night  and  day.  Is  it  not  an  obligation,  a  duty,  for  us  to  leave  to  future  gene- 
rations as  much  instruction  and  knowledge  as  possible  on  the  labours  that  have 
been  carried  on  in  our  mines  ?"  Such  was  the  opinion  of  this  great  geologist, 
whose  knowledge  of  practical  mining  adds  g^at  weight  to  its  recommendation. 
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Again^  in  order  to  show  in  how  strong  a  manner  the  opinion  of  some  of 
our  best  mining  engineers  have  been  expressed,  I  quote  from  Mr.  Taylor's 
report  on  the  Lead  mines  of  Alston  Moor :  ''  It  is  of  great  importance  that 
perfect  records  of  what  has  been  done  in  the  pursait  of  every  vein  should  be 
preserved ;  and  I  would  recommend  that,  in  all  future  leases,  a  clause  should  be 
introduced  to  require  the  adventurers  to  keep  sections  and  plans  of  all  their 
workings." 

Mr.  Buddie,  in  referring  to  the  coal-mines  of  Durham  and  Northumberland, 
states :  "  It  is  obvious  that  many  collieries  which  are  now  open  will  sooner  or  later 
be  shut  up,  and  lie  dormant  for  various  and  indefinite  periods ;  and  the  proba- 
bility is  that  in  many  cases  all  knowledge  of  the  dykes  which  intersect  them 
may  be  lost^  and  the  parties  having  to  re-open  them  may  be  as  ignorant,  or  even 
more  so,  than  those  who  first  opened  them.  It  is  not  necessary  that  I  should 
dwell  on  the  extent  of  the  loss  of  property  and  of  lives  which  may  result  from 
finch  a  state  of  things  ;"  and  adds  that  "although  the  several  dykes  which 
have  been  met  with  are  accurately  represented  on  the  working  plans  of  the 
Beyeral  collieries,  yet,  from  the  detached  and  local  nature  of  these  plans,  no 
general  and  accurate  notion  of  their  lines  of  direction,  bendiugs,  and  throws 
can  be  formed  from  such  sources  of  information.'*  The  only  remedy  for  this 
regret  was  a  Central  Office  where  the  plans  could  be  collated. 

With  the  establishment  of  the  Mining  Record  Office,  the  plan  of  preserving 
mining  documents  was  initiated,  its  operations  extending  year  by  year — so  much 
Bo  that  at  the  present  time  (1879)  there  are  deposited  and  catalogued  for 
reference,  upwards  of  ten  thousand  plans  and  sections  of  workings  of  coal  and 
metalliferous  mines  ;  not  only  those  that  have  been  exhausted  or  abandoned,  but 
others  at  present  productive  and  in  course  of  exploration  and  development.  Of 
these  latter,  the  workings  are  posted  up  from  time  to  time.  Numerous  instances 
might  be  given  in  which  large  sums  of  money  have  been  saved  to  promoters  and 
adventurers  who  have  re-opened  old  mining  tracts.  One  case  is  that  of  a  company 
who  revived  mineral  search  in  the  neighbourhood  of  Chacewater  (Coruwall), 
and  the  Secretary  of  which  sought  in  vain  for  records  or  information  in  and 
around  the  spot.  As  a  last  resource,  application  was  made  by  the  promoters  to 
the  Mining  Record  Office,  and,  among  the  documents  there  preserved,  were  plans 
and  sections  of  the  underground  operations  at  the  time  of  the  abandonment  of 
the  mine  that  they  had  re-leased,  together  with  much  detailed  information, 
showing  for  many  years  the  quantities  of  mineral  obtained,  its  value,  the  metal 
obtained  therefrom,  and  the  state  of  the  levels  in  the  mine.  With  the  informa- 
tion afforded  to  guide  them,  the  company  commenced  operations,  and  the  results 
proved  eminently  satisfactory.  The  Secretary,  in  expressing  the  thanks  of  the 
promoters,  for  the  assistance  they  had  received  from  the  Mining  Record  Office, 
asserted  that  it  had  saved  the  company  an  expenditure  of  &om  four  to  five 
thonsand  pounds,  which  must  otherwise  have  been  incurred  for  preliminary 
explorations.. 

In  its  statistical  character,  the  Mining  Record  Office  is  highly  instructive, 
ttnd  it  undertakes  annually  the  regular  and  systematic  publication  of  the  produce 
oi  the  United   Kingdom.     In  most  continental  countnes   this   is   secured  by 
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parliamentary  powers  to  administratiye  departments,  to  whom  annnal  returns 
are  made  of  tlie  production  of  the  crude  minerals.  In  the  year  1872  a  like 
system  was  introduced  in  Great  Britain,  by  the  passing  through  the  Legislature 
of  two  measures,  known  as  the  "  Coal  Mines  Beg^ation  Act "  and  the  "  Me- 
talliferous Mines  Regulation  Act"  (the  latter  of  which  has  been  slightly 
amended  recently, — ^1876).  And  returns  are  now  made  to  the  Insi)ector  of  each 
district,  on  or  before  the  1st  day  in  February,  of  the  qualify  of  coal  or  mineral 
wrought  in  the  year  ending  on  the  preceding  81st  day  of  December. 

In  the  matter  of  coal  produce,  individual  returns  are  not  published  in  the 
annual  reports  of  the  Inspectors, — the  results  being  tabulated  and  credited  to 
coal-fields,  counties,  or  districts.  Thus  private  interests  are  in  no  way  en- 
croached  upon :  one  coal  proprietor  is  not  aware  of  what  his  neighbour  is  doing, 
and  all  works  smoothly. 

Since  the  introduction  of  recent  legislation  (1872),  the  manager  of  eveiy  mine 
and  colliery  is  required  to  qualify  for  his  fitness  for  such  duties,  by  passing  an 
examination  and  obtaining  a  certificate  of  competency.  And  evety  mine  owner 
or  manager  must  keep  a  plan  showing  the  workings,  never  more  than  six  months 
in  arrear.  No  one,  however,  without  the  consent  of  the  owner,  can  make  a  copy 
of  it,  and  the  privilege  of  the  Inspector  even  only  extends  to  examination.  In 
the  case  of  plans  of  abandoned  mines,  they  become  public  after  the  lapse  pi  ten 
years. 

The  general  rules  to  bo  observed  in  each  colliery  relate  to  ventilation,  pre- 
cautions against  causes  of  accident,  especially  dealing  with  fencing  (both  above 
and  below  ground),  safety  lamps,  gunpowder  and  blasting,  water-pounds,  bore- 
holes, man-holes,  securing  shafts,  and  roofs  and  sides  of  every  travelling  road 
and  working-place,  dtessing-rooms,  care  of  machinery,  signalling,  chains,  drums, 
breaks  and  indicators,  boiler  gauges,  wilful  damage,  daily  inspection  of  machinery 
and  underground  workings,  and  report  books. 

Once  a  month  the  colliers  have  the  privilege  of  appointing  two  of  their  number 
to  inspect  the  pit  workings  and  machinery,  and  to  make  a  report  and  record  it 
in  the  book  kept  for  the  purpose.  They  are  also  privileged,  when  paid  by  the 
weight  or  measure  of  coal  that  they  get,  to  station  a  person  paid  by  themselves 
as  a  check  weigher  at  the  place  appointed  for  the  weighing  or  measuring. 

About  chains  there  is  a  very  necessary  prohibition,  that  a  single-link  chain 
shall  not  be  used  for  lowering  or  raising  persons.  In  India  I  have  often  seen  a 
chain  of  this  nature  employed,  and,  indeed,  have  myself  on  more  than  one  occasion 
had  to  accept  my  destiny  at  the  end  of  one,  but  they  are  always  dangerous,  as 
the  weakest  link  represents  the  whole  strength  of  the  chain. 

In  metalliferous  mines,  the  necessity  of  regular  and  frequent  underground 
inspection  is  not  so  urgent  as  in  the  case  of  collieries ;  and  safety  lamps  and 
atmospheric  gauges  are  not  so  essential. 

It  has  not  accordingly  been  deemed  necessary  by  the  Legislature  to  introduce 
any  conditions  on  these  subjects  under  the  general  rules  of  the  Metalliferous 
Mines  Act.  This  does  not  exclude  their  application,  however,  if  the  welfare  of  a 
mine  demand  it,  for  each  mine  may  have  its  own  set  of  special  rules  framed  to 
meet  the  special  circumstances  of  the  mine. 
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A  clanae  about  ladders  appears  in  the  MetaUiferous  Mines  Act,  insisting  that 
where  such  are  permanently  used  for  the  ascent  or  descent  of  persons  in  the 
mine,  they  shall  not  be  fixed  in  a  vertical  or  overhanging  position,  but  shall  be 
inclined  at  the  most  convenient  angle  according  to  the  space  in  which  the  ladder 
is  fixed.  This  is  a  very  necessary  role,  for  in  the  olden  days  it  was  often  a  penal 
imdertaking  to  mount  a  series  of  ill-hung  ladders  after  a  tour  of  inspection. 

Besides  the  general  rules,  there  are  special  rules,  the  object  of  which  is  to 
proTide  for  the  proper  discipline  of  those  employed  in  the  mines,  and  to  prevent 
daDgerouB  accidents.  They  have  the  same  force  as  if  they  were  contained  in  the 
Act,  and  they  are  prepared  in  the  first  instance  on  behalf  of  the  owner,  and  hung 
up  on  the  premises  with  a  printed  notice,  that  at  the  end  of  a  fortnight  the  rules 
will  be  submitted  to  the  Inspector  of  mines  for  the  district,  and  that  in  the  mean- 
time any  person  employed  in  the  mine  is  entitled  to  forward  any  objection  to  the 
Inspector.  After  40  days,  the  special  rules,  if  not  objected  to,  become  estab- 
lished, and  are  signed  by  the  Inspector. 

Neither  women  nor  girls  of  any  age,  nor  boys  under  twelve,  are  permitted  to 
be  employed  underground  in  English  coal  or  metalliferous  mines. 

If  this  prohibition  were  extended  to  India,  the  labour  now  available  in  our 
fields  would  be  wofuUy  reduced,  as  almost  the  whole  of  the  underground 
carriage  (where  tramways  are  not  laid)  is  performed  by  women,  girls,  and  boys. 
Possibly  some  wandering  Western  philanthropist  will  be  heard  one  day  raising  a 
Toice  against  the  existing  customs  of  this  country ;  but  until  education  and  civilis- 
ation have  penetrated  more  deeply  into  the  mind  and  system  of  our  female 
Bauria  and  Sontal  colliers,  we  may  defer  placing  them  on  the  same  platform 
as  the  British  miner's  wife  and  daughter.' 

No  engine  used  for  raising  or  lowering  people  can  be  in  charge  of  a  person 
under  eighteen  years  of  age.     And  all  drivers  of  animals  must  be  above  twelve. 

There  is  an  amusing  clause  which  prohibits  the  payment  of  wages  at  a  public 
house.  In  this  country  it  is  asserted  that  grog-shops  are  most  useful  in  stimu- 
lating the  industry  of  the  miners,  for,  as  long  as  they  have  money  they  won't  toil. 
Haying  spent  the  last  of  their  wages  over  a  beaker  of  "  ddru  "  they  proceed  to 
work.  Consequently  the  greater  the  facilities  for  drinking,  the  more  sustained  is 
their  industry. 

Both  of  the  Acts  alluded  to  in  this  paper  embody  the  necessities  which  those 
most  interested  in  the  matter  have  deemed  well  to  recommend  and  legalise,  and 
it  may,  therefore,  be  urged  that  India  would  benefit  by  legislation.  The  interests 
centered  in  our  mineral  industries,  however,  are  as  a  speck  compared  to  those  of 
Great  Britain,  the  total  value  of  whose  minerals  and  metals  in  1877  amounted  to 

£68,281,406,  made  up  as  follows  :^ 

£ 
Coal       ,.  ...  ...  ...        47,113,767 

Metals     ...  ...  ...  ...        18,742,960 

Earthy  minerals        ...  ...  ...  2,424^679 

68,281,406 


*  Or,  perhaps,  imtil  the  viees  of  **  civilisation "  have  degraded  the  male  element  of  these 
simple  people  to  the  moral  level  of  a  large  portion  of  the  British  mining  popolation. — H.  B.  M. 
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The  earUiy  minerala  were  olassed — 

£ 

Floor  spar                 ...  ...  ...  36 

Wolfram                    ..  ..  ...  150 

Calc  spar                   ...  ...  ,•.  625 

Ochre                         ...  ...  ...  4,488 

Gypsum                     ...  ...  ...  22,17B 

Barytet                      ...  ...  ...  28»948 

Shales                        ...  ...  «.  61,779 

Coprolites                   ...  ...  ...  200,000 

Clayg                           ...  ...  ...  592,231 

Salt                             ...  ...  ...  1,504,250 

Sundries                    ...  ..  ...  10,000 


2,424,679 


On  Gobaltite  and  Danaite /ront  the  Elhetri  Mines,  Rdjptitana;  with  some  renmrJcs 
OTtr  Jaipnrite  (Syepoorite). — By  F.  R.  Mallet,  F.G.S.,  Oeological  Survey  of  India. 

In  most  standard  works  on  mineralogy  some  reference  [is  to  be  found  to 
**  Syepoorite,"  a  sulphide  of  cobalt,  stated,  on  the  authority  of  J.  Middleton, 
F.Q.S.,  to  occur  ''in  the  independent  state  of  Syepoore,"  in  Bdjputana.  No 
mineral  of  the  same  composition  has  been  discovered  in  any  other  part  of  the 
world,  and  Mr.  Middleton's  results  have  never  been  corroborated  by  any  later 
investigations.  His  paper  on  the  subject  was  read  before  the  Chemical  Society 
of  London  on  the  15th  December  1845,  and  is  to  be  found  in  the  Society's 
Memoirs  and  Proceedings,  Vol.  Ill,  p.  39.* 

The  following  is  Mr.  Middleton's  description :— "  The  mineral  possessing  great- 
est interest  amongst  those  above  enumerated*  is  the  sxdphuret  of  cobalt.  It  is 
found  in  the  copper  mines  in  considerable  abundance,  and  exists  in  a  primitive 
schist  in  the  form  of  bands  and  disseminated  grains,  the  colour  of  which  is  a 
steel-grey  inclining  to  yellow.  The  grains  appear  to  be  crystallised,  and  are 
probably  the  cube  and  its  derivatives.  What  is  particularly  remarkable  in  this 
ore  is  its  purity,  so  far  surpassing  in  this  respect  any  that,  so  far  as  I  am  aware, 
is  to  be  met  with  anywhere  else.  The  only  substance  in  combination  with  it, 
after  separation  of  the  matrix,  is  an  iron  pyrites,  which  is,  however,  but  mecha- 
nically mixed,  and  so  highly  magnetic  as  to  be  readily  removeable  by  the 
magnet.     The  relative  proportions  in  which  these  two  exist  are — 

Cobalt  pyrites  ...  ...  ...  ...    90^78  per  cent. 

i-ron  ...  ...  ...  ...  .••       v'}6m    „      y. 

The  iron  pyrites  consists  of  black  amorphous  granules  without  metallic  lustre, 
and,  as  above  stated,  it  is  highly  magnetic,  having  at  the  same  time  the  low 
specific  gravity  of  2 '58.     It  gives  on  analysis — 

Iron  ...  ...  ...  ...  ...     62*27  per  cent. 

Sulphur  ...  ...  ...  ...  ...    37-78   „      „ 

*  Republished  in  the  Philosophical  Magazine,  Vol.  XXVIII  (1846),  p.  852. 

*  Sulphuret  of  copper,  sulphate  of  copper,  sulphuret  of  cobalt  and  alum. 
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The  ftDalysis  was  oarefolly  made,  and  repeated  for  verification,  so  that,  notwith- 
Bianding  the  specific  gravity  is  so  much  lower  than  that  assigned  as  character- 
istic of  iron  pyrites,  there  can  be  no  doubt  snoh  is  the  constitution  of  this 

constituent  of  the  ore  in  question. 

•  •••••• 

By  very  careful  and  repeated  analysis,  the  reduction  process  having  been 
adopted  for  the  metal,  I  found  the  proportions  of  the  constituents  ("in  the  cobalt 
pyrites  ")  to  be,  taking  the  average — 

Cobalt  ...  ...  ...  ,„  ...     64*64  per  cent. 

Sulphur  ...  ...  ...  ...  ...     35'36 


t9  » 


from  which  it  is  obvious  the  substance  is  a  sub-sulphuret,  that  its  constitution  is 
CogS,  a  rather  remarkable  resxdt,  considering  that  the  iron  compound,  doubt- 
less of  simultaneous  formation,  is  different. 

The  cobalt  pyrites  has  a  specific  gravity  of  6*45.  It  is  used  by  Indian  jew-r 
ellers  for  staining  gold  of  a  delicate  rose-red  colour ;  the  modus  operandi  which 
they  follow  I  have  been  unable  to  learn ;  it  is  a  secret  with  them,  which  they 
are  unwilling  to  disclose.^ 

The  name  *  Syepoorite '  seems  to  have  been  given  by  Nicol,  who,  in  his  manual 
of  mineralogy  (1849),  says  "  this  name  may  be  given  to  a  sulphuret  of  cobalt, 
probably  a  distinct  species,  found  with  pyrite  and  chalcopyrite  at  Syepoore,  near 
Rajputana.*'  Nicol  also  substituted  the  formula  CoS.  for  C02S.  as  given  by 
Middleton.  Whether  the  old  or  the  new  atomic  weights  be  adopted,  the  figures 
in  Middleton's  analysis  closely  correspond  to  the  formula  CoS. 

In  a  valuable  paper  on  "  the  mines  of  Khetree,  in  Rajputana,"*  the  author 
Colonel  J.  C.  Brooke,  says  that  "  In  some  of  the  mines,  a  sulphuret  of  cobalt 
is  found  in  thin  layers,  between  the  masses  of  copper  ore.  No  great  quantity 
of  this  is  produced,  however,  not  above  200  lbs  per  month  in  any  particular 
mine.  It  is  merely  pounded  fine  and  exported,  and  finds  its  way  all  over  India. 
It  is  largely  used  in  enamelling,  forming  the  beautiful  blue  enamels  which  native 
proficients  in  this  art  produce.  Its  price  at  Khetree  itself  is  Rs.  60  per  Jeyporo 
mannd  of  53  lbs.,  the  Raj  share  being  one-fifth,  or  Rs.  10  per  Jeypore  maund.'' 

'  In  Febnuuy  1848,  Mr.  Pidding^n,  apparently  not  cognisant  of  Middleton's  paper, 
noticed  the  presence  of  cobalt  in  a  specimen  of  ore  sent  by  Major  Thoresby  "from  the 
Khetree  Hills  near  Jyepoor"  (Journal  As.  Soc.,  Bengal,  XVII,  Part  I,  p.  168).  A  still 
earlitf  aUnsion  to  'sehta,'  although  without  referenee  to  the  fact  that  it  contains  cobalt^ 
may  be  found  in  a  paper  (signed  A.  E.)  **  on  the  copper  works  at  Singhima,  near  Khetri,  in 
the  Shakhawati  country."  "Mines,"  the  author  writes,  "are  also  wrought  at  Khetri  and  Bubai, 
producing  many  valuable  minerals,  such  as  copi>er,  tamba,  blue  vitriol  or  sulphate  of  copper, 
called  by  the  natives  lila  tutia,  or  leelo  toto :  alum,  phttkari,  and  a  mineral  called  sehta,  which 
requires  a  more  particular  description.  This  tehta  looks  like  a  fine  grey  sand,  having  the 
appearance  of  iron  filings  mixed  with  minute  particles  of  silez  and  mica;  its  value,  at  the  mines, 
being  from  40  to  100  rupees  per  maund.  It  is  only  produced  at  Bubai,  and  is  used  as  an  ingre- 
dient in  making  glass  kaxch,  or  women's  wrist-ornaments,  chura,  which  seem  to  be  made  of  a 
ritrified  substance  coloured  with  lac,  2aA,  and  other  pigments  (Gleanings  of  Science,  Vol.  Ill,  p.  380, 
December  1831). 

«  Jour.  As.  Soc.,  Bengal,  Vol.  XXXIII  (18G4),  p.  524. 
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In  1873,  Major  W.  A.  Boss  obtained  a  small  quantity  of  the  sebta,  which  he 
describes^  as  ''a  dark  grey  sand  with  shining  metallic-looking  points,  yellow 
and  white,  interspersed.  Through  the  lens,  these  are  found  to  be  semi-metallic 
fragments,  the  white,  crystalline,  the  yellow  amorphous  ;  there  are  also  numeroos 
quartzose  fragments,  white  and  pink."  A  portion  of  the  sand  was  magnetic, 
consisting  chiefly  of  pyrrhotite.  The  yellow  metallic-lookiDg  grains  Major 
Boss  found  to  be  copper  pyrites,  while  he  considered  the  white  to  be  '  Jej- 
poorite.'  ^  The  latter,  when  separated  from  extraneous  substances,  looked  (with- 
out a  lens)  like  glittering  steel  beads,  each  about  half  the  size  of  a  small 
pin's  head ;  but  through  a  lens  they  appeared  silver- white.  The  powder  was 
blue-black  and  semi-metallic,  like  that  made  from  galena.  The  result  of  Major 
Ross'  blowpipe  examination  of  these  crystals  led  him  "temporarily,  until 
a  sufficient  quantity  of  the  'pure  mineral  (not  the  sand)  be  obtained  to  submit 
it  to  a  regular  chemical  analysis"  to  estimate  the  constituents  of  Jeypoorits 
to  be  about 

Oxide  of  cobalt     ...  ...  ...  ...  ...  82  per  cent. 

„        antimony  .«•  ...  ...  ...     7    »,      „ 

„        m/senic    ••*  ...  ...  ••.  .••     o    „      „ 

Sulpnur  ...  ...  ...  ...  •..     5    „      n 


100 

No  reason,  however,  is  assigned  in  his  paper  for  considering  the  mineral  an 
oxidized  onci  and  in  the  title  he  defines  Jeypoorite  as  "a  sulph-antimonial 
arsenide  of  cobalt,"  a  name  which  certainly  implies  the  absence  of  oxygen.'  It 
seems  to  me,  also,  that  the  name  Jaipurite  should  not  be  given  ta  any  mineral 
but  the  sulphide  of  cobalt  CoS,  until  the  non-existence  of  such  native  sul- 
phide has  been  clearly  proved.  At  present,  although  investigations  subsequent 
to  Middleton's  lend  no  support  to  his   results,  such  negative  evidence  cannot 

>  Proceedings  of  the  Royal  Society,  XXI,  292. 

«  Major  Ross  points  ont  the  double  error  in  respect  to  the  locality  of  the  mineral^  occurring 
in  mineralogical  text-books.  'Syepoore,  «6ar  R^jpntina^ '  should  read  '  Jyepoore,  tit  Biljputina.' 
The  name  is  spelled  ''  Syepoore"  in  Middleton's  original  paper,  the  S  being  probably  a  mere  typo- 
graphical error.  The  '  near '  seems  to  have  originated  from  Nicol's  taking  "  the  independent  state 
of  Syepoore  "  to  mean  a  state  independent  of,  or  outside,  lUjputina,  instead  of  one  not  under  the 
direct  control  of  the  British  Qovemment.  In  the  official  gazetteer  of  lUjput^na,  the  name  of  the 
state  in  question  is  spelled  Jaipur,  and  hence  the  name  of  the  mineral  should  be  spelled  '  Jaipurite/ 

*  A  weighed  quantity  (about  3  milligrammes)  of  the  mineral  was  compared  as  to  its  colouring 
power  in  a  phosphoric  acid  bead,  with  a  known  amount  of  cobalt  oxide,  and  found  equal  in  this 
respect  to  about  82  per  cent,  of  its  weight  of  oxide.  Assuming  that  the  mineral  contained  82  per 
cent,  of  cobalt  oxide.  Major  Ross  divided  the  remaining  18  per  cent,  by  guess-work  amongst  the 
remaining  constituents.  The  above  experiment,  however,  although  giving  some  indication  of  how 
much  cobalt  the  mineral  contained,  has  no  bearing  on  the  question  of  whether  the  cobalt  was 
oxidized  or  not.  If  not  (and  the  metallic  lustre  of  the  mineral,  coupled  with  the  fact  of  its  con- 
taining sulphur  and  arsenic,  is  almost  a  proof  of  its  being  non-oxidized),  82  per  cent,  of  cobalt 
protoxide,  being  equivalent  to  64*4  per  cent,  of  cobalt,  leaves  35'6  per  cent,  divisible  amongst  the 
other  constituents.  If  the  oxide  alluded  to  be  the  sesquioxide,  the  proportions  would  be  58*2  of 
cobalt  and  41*8  of  the  remaining  substances.  But,  unless  I  have  mistaken  the  author's  meaning, 
his  figures,  when  worked  out,  give  about  78,  not  82,  per  cent,  of  oxide,  equivalent  to  61*3  of  cobalt 
the  proiftoxide,  or  65*3  if  the  sesquioxide,  is  meant. 
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be  taken  as  clearly  disproving  them,   altbongh  doubtless  sufficient  to  suggest 
caution  in  their  acceptance. 

The  latest  account  of  the  Khetri  mines  may  be  found  in  Mr.  Racket's  paper 
on  the  useful  minerals  of  the  Arvali  Region.^ 

Some  time  ago  we  obtained  for  the  Museum,  through  the  kindness  of  Major 
S.  S.  Jacob,  Executive  Engineer  at  Jaipur,  samples  of  various  products  of  the 
mines  in  question,  including  copper  and  cobalt  ores.  The  former  is  copper 
pyrites  in  a  slaty  and  quartzose  gangue  from  Singhdnd  and  Khetri.  About 
11  fts.  weight  was  sent  from  the  former  place  and  2  fts.  from  the  latter.  The 
ore  from  both  is  very  rich  ;  whether  the  specimens  are  unduly  favourable  samples 
or  not  I  cannot  say. 

Specimens  of  the  cobalt  ore,  both  in  its  natural  state  and  reduced  to 
powder,  were  also  sent.  The  former  (from  the  Babai  mine)  is  a  dark  grey 
slate  containing  brown  scaly  mica  in  thin  seams  and  little  irregular  nests. 
Grey  translucent  quartz  occurs  in  similar  seams  and  nests.  Through  both  slate 
and  quartz  minute  silver- white  crystals  are  disseminated.  Most  of  the  frag- 
ments of  slate  contain  very  few  such,  that  are  visible  at  least.  In  some  pieces, 
however,  they  are  pretty  thickly  scattered,  although  even  in  such  cases,  on  account 
of  their  minute  size,  they  form  but  a  trifling  proportion  of  the  total  bulk  of  the 
rock.  Here  and  there  they  are  aggregated  into  clusters,  and  in  one  piece  of  slate 
there  is  an  irregular  bunch  of  this  kind,  made  up  almost  entirely  of  crystals, 
which  measures  about  a  third  of  an  inch  long.  Specks  of  copper-  and  iron- 
pyrites  are  scattered  through  the  rock  here  and  there.  Other  minerals  are  aUo 
present,  but  can  scarcely  be  detected  in  the  unpowdered  slate  even  with  a  lens. 
The  rock  is  traversed  by  a  few  thin  seams  of  calcspar :  these,  however,  appear  to 
contain  none  of  the  cobalt,  and  to  be  of  more  recent  origin  than  the  quartzose 
seams,  for  in  one  case  I  observed  a  seam  of  the  latter  kind  intersected  by  a 
calcareous  one. 

The  rock  just  described  when  reduced  to  a  rather  fine  po>wder  constitutes  the 
'sehta,'  of  which  Major  Jacob  sent  over  10  lbs.  weight  from  the  mines  at 
Babai  and  Bagor.*  With  such  a  quantity  at  disposal  I  lately  undertook  the 
examination  of  the  cobaltiferous  portion  in  the  hope  of  being  able  to  throw  some 
light  on  the  Jaipurite  question. 

The  chief  difficulty,  a  difficulty  Major  Ross  had  previously  experienced,  lies  in 
the  separation  of  the  extremely  minute  crystals  from  the  large  bulk  of  extraneous 
matter.  Nearly  the  whole  quantity  received  was  first  sifted  through  a  wire  gauze 
sieve  of  36  holes  to  the  linear  inch.  The  coarser  portion,  weighing  less  than  a 
pound,  was  then  washed  in  a  Schuke's  elutriator,  by  which  means  the  greater 
part  of  the  slaty  gangue  was  got  rid  of.  The  remainder  was  placed  in 
roiall  portions  at  a  time  in  a  funnel  with  long  tapering  neck,  connected  below 
'•ith  a  U  tube  by  a  short  piece  of  Indian  rubber   tubing.     The  internal  dia- 

'  Vol.  Xra,  p.  243. 

'  Babai  and  Bagor  are  villages  i-espectivoly  8  and  2  miles  south,  and  Singh&na  a  town  8  miles 
with*w«t,  of  Kbetri,  Khetri  itself  being  the  capital  of  a  feudatory  State  of  the  same  name 
siM«ttoJaipar. 
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meter  of  the  U  and  rubber  tubes  was  considerably  greater  than  that  of  the  lower 
part  of  the  funnel-neck.  On  passing  a  current  of  water,  regulated  by  a  tap, 
through  the  U  tube,  and  thence  up  through  the  funnel,  the  whole  of  the  selita 
could  be  kept  suspended  in  the  latter,  at  any  desired  level.  By  carefully 
diminishing  the  strength  of  the  current,  the  lowermost  grains  were  allowed 
to  drop  from  the  funnel-neck  into  the  U  tube,  where  the  current  was  more  feeble 
owing  to  the  wider  diameter.  When  a  certain  proportion  of  the  sehta  had 
been  allowed  to  fall  in' this  way,  communication  was  cut  off  between  the  lighter 
and  heavier  portions  by  a  pinch-cock  on  the  rubber  tube.  The  former  included 
the  whole  of  the  remaining  slaty  and  quartzose  particles,  the  latter  the  great 
bulk  of  the  metallic.  By  a  repetition  of  the  process  the  cobaltic  portion, 
owing  to  its  higher  specific  gravity,  was  separated  from  a  considerable  part 
of  the  copper-  and  iron-pyrites,  &c. 

The  cobaltic  portion  was  afterwards  dried  and  treated  with  a  strong  magnet^ 
by  which  numerous  grains  of  pyrrhotite,  and  some  of  pyrites  (doubtless  mixed 
with  sufficient  pyrrhotite  to  render  them  magnetic),  were  eliminated.  Successive 
portions  of  the  residue  were  then  laid  in  long  thin  '  trains '  on  a  glazed  porcelain 
slab,  and,  with  the  help  of  a  strong  lens  and  a  bent  needle  attached  to  a  handle, 
the  cobaltic  grains  (recognised  by  their  steel-grey  colour)  were  pushed  to  one  side, 
and  the  residue,  consisting  mainly  of  iron-  and  copper-pyrites,  to  the  other. 

It  was  soon  found,  however,  that  the  cobaltic  part  included  two  different 
minerals,  easily  distinguishable  under  the  lens  of  their  crystalline  form.  There 
were,  Istly,  modified  cubic  crystals;  2ndly,  orthorhombic  crystals;  3rdly, 
broken  fragments  in  which  the  crystalline  form  could  not  be  determined.  The 
third  portion,  which  constituted  much  more  than  half  of  the  total,  had  to  be 
rejected,  while  the  cubic  and  orthorhombic  crystals  were  rarefully  separated. 

Altogether  I  collected  about  40  grains  of  the  cubic  mineral  (in  each  crystal  of 
which  the  form  was  apparent)  and  2  grains  of  the  orthorhombic* 

Fifteen  picked  cubic  crystals  of  the  largest  size  weighed  '12  grains,  or  '008 
grains  each  on  an  average.  Their  average  diameter  was  '02  inches.  The 
specific  gravity,  taken  with  20  grains,  was  exactly  6*00. 

The  colour  of  the  crystals  was  steel-grey  with  occasionally  a  slight  reddish  tar- 
nish. They  were  well  formed  and  regular.  Of  some  thousands  that  passed  under 
my  eye  during  the  separation,  nearly  the  entire  number,  probably  99  per  cent. 
or  more,  showed  the  same  combination  of  the  cube,  pentagonal  dodecahedron 
C^^)  and  octohedron,  with  the  cube  as  the  predominant  form,  having  its  edges 
and  solid  angles  replaced  by  the  others.'  A  very  few  crystals  were  observed 
in  which  the  octohedron  predominated,  the  angles  being  modified  by  the  other 
forms.  Some  of  the  broken  crystals  showed  a  well-marked  cleavage  parallel 
to  the  faces  of  the  cube. 

1  These  quantities  were  but  a  small  portion  of  the  total  amount  contained  in  the  sehta.  The 
cubic  crystals  were  more  numerous  than  the  others,  although  not  very  markedly  so.  I  did  not 
devote  the  same  pains,  however,  to  the  collection  of  the  latter. 

s  The  angles  In  some  selected  crystals  were  measured  under  the  microscope.  It  is  notaceablo 
that  the  crystals  examined  by  Major  Uoss,  the  crystalline  form  of  which  was  determined  by  I^- 
fcssor  Miller,  exhibited  the  same  combination. 
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One  cubic  crystal  is  sufficient  to  give  a  strong  cobalt  re-action  with  borax.  In 
the  open  tabe  the  mineral  yields  a  crystalline  snblimate  of  Asg  O3  and  fumes 
of  SO3.  In  the  closed  tube,  at  a  high  temperature,  a  sublimate  of  sulphide 
of  arsenic  is  formed,  with  one  of  metallic  arsenic  nearer  the  assay.  These 
characters,  together  with  the  crystalline  form,  &c.,  leave  no  doubt  of  the  mineral 
being  cobaltite',  a  result  borne  out  by  analysis,  which  gave — 

Sulphur  ...  ...  ...  ...  >     ...  19*46 

Anenic   ...  ...  ...  ...  ...  43'87 

Antimonj  ...  ...  ...  ..  tr. 

C^bftlc     ...  ...  ...  ...  ,,,  iSo'oO 

tKlCKd        ...  ...  •••  ...  ...  br. 

Xa uu  ...  ***,  ***  ***  ***         *  00 

Gangue  ...  ...  ...  ...  ...         '80 

10O26 


The  octohedral  crystals  do  not  differ  in  any  apparent  way  from  those  in 
which  the  cubic  form  predominates,  except  in  the  greater  development  of  a 
different  set  of  faces.  I  had  too  few  to  make  a  complete  examination  of  them 
separately.  Four,  however,  in  an  open  tube  gave  a  crystalline  sublimate  of 
Asg  Og  and  an  odour  SOg.     They  are  beyond  doubt  cobaltite. 

On  a  previous  occasion  Major  Jacob  had  sent  us  about  90  grains  of  sehta 
washed  free  from  slaty  or  other  siliceous  particles,  but  containing  a  considerable 
proportion  of  iron-  and  copper-pyrites,  &o.  The  cobaltic  portion  was  in  ex- 
tremely minute  particles  (which  included  but  few  unbroken  crystahs),  having  a 
paler  colour  than  the  sample  I  have  just  described — a  shade  intermediate  between 
Bteel-grey  and  silver-white.  Its  reactions  before  the  blowpipe,  however,  were 
found  to  be  quite  similar.  Probably  its  lighter  colour  is  due  to  its  containing  a 
smaller  percentage  of  iron. 

The  orthorhombic  crystals,  which  are  steel-grey  with  a  faint  yellowish  tarnish, 
have  the  form  of  arsenopyrite.  Perhaps  the  commonest  combination  is<»  P.  P«>. 
s  P  ^  with  sometimes  the  faces  P  ^'^  In  the  open  and  closed  tubes  the  crystals 
give  arsenic  and  sulphur  reactions.  "With  borax  in  the  oxidating  flame  they 
give  a  bead  which  is  green  when  hot,  and  blue  when  cold,  and  which,  dis- 
solved in  a  few  drops  of  dilute  HCl.,  yields  a  red  colour  with  KCyS.  In  the 
reducing  flame  the  bead  is  blue.  The  very  strong  reactions  for  iron  show  that 
the  crystals  are  danaite,  not  glaucodot. 

With  reference  to  the  existence  of  Jaipurite,  all  that  can  be  said  is  that  the 
cobaltic  portion  of  three  distinct  samples  of  '  sehta '  have  been  examined  (one  by 
Major  Ross  and  two  by  myself) ,  and  that  in  none  of  them  any  simple  sulphide  of 

^  I  may  here  remark  that  mineralogical  text-books  differ  considerably  as  to  the  behaviour  of 
cobaltite  in  the  closed  tube.  Dana,  Plattner,  and  others,  state  that  it  is  unaltered.  Naumann  says 
lecording  to  Kobell  it  gives  a  snblimate  of  metallic  arsenic.  Collins  states  that  it  yields 
?^w,  red,  and  black  sublimate.  On  trying  the  experiment  I  found  that  while  mispiokel,  the 
vm  snak^e  to  cobaltite,  gives  sublimates  freely  at  a  moderate  red  heat,  cobaltite  (from  Tunaberg 
nd  Uodum  as  well  as  from  Khetri)  is  unaltered.  At  a  higher  temperature,  however,  at  which 
tike  glass  softens,  the  mineral  from  all  three  localities  gives  off  the  sulphide  and  metallic  arsenic. 
tilaiux)dot  from  Hakansboda,  at  the  higher  temperature,  behaves  in  the  same  way  as  cobaltite. 
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cobalt  has  been  detected.  The  occurence,  however,  of  more  than  one  ore  of  cobalt 
in  the  same  locality  is  common  enough,  and  it  would  seem  from  Mr.  Middleton's 
description^  that  the  ore  analysed  by  him  was  freer  from  extraneous  matter  than 
the  samples  Major  Boss  and  I  have  examined,  indicating  perhaps  that  it  was  ob- 
tained from  a  different  mine.  Mr.  Middleton  makes  no  allusion  to  any  difficulty 
in  obtaining  the  ore  in  a  state  of  purity  for  analysis. 

At  the  same  time  if  Mr.  Middleton's  results  be  accepted  in  their  entirety,  a 
second  mineral  peculiar  to  the  Elhetri  mines  must  be  i*ecognised,  namely,  a  sul- 
phide of  iron  closely  approximating  to,  or  identical  with,  pyrrhotite  in  composi- 
tion, but  without  metallic  lustre,  of  a  black  colour,  and  with  specific  gravity  as 
low  as  2-68.« 


On  the  Occurrence  of  Zinc  Ore  (Smithsonite  and  Blende)  with  Baiytes  in  the 
Kamul  District,  Madras, — By  F.  R.  Mallet,  F.G.S.,  Geological  Survey  of 
India. 

Amongst  the  specimens  illustrating  the  mineral  products  of  India^  sent  from 
various  parts  of  the  country  to  the  Geological  Museum  at  the  time  of  the  Vienna 
Exhibition,  were  three  pieces  of  rusty-looking  stone,  aggregating  about  seTen 
pounds  in  weight.  They  were  sent  from  Kamul,  in  Madras  (by  whom  does  not 
appear),  and  were  labelled  '^soapstone,  gypsum,  <&c."  On  examining  them  some 
time  ago,  during  the  arrangement  of  the  economic  collections  in  the  Museum, 
I  found  them  to  consist  of  ferruginous  smithsonite  (zinc  carbonate),  barite,  a 
greyish  homstone,  and  green  blende,  with  a  speck  or  two  of  galena  and  pyrites. 
The  relative  abundance  of  the  difEerent  minerals  is  indicated  by  the  order  in 
which  they  are  mentioned.  The  greater  portion,  two-thirds  perhaps,  of  the 
specimens  is  smithsonite.  There  is  a  considerable  quantity  of  barite,  while  tbe 
amount  of  homstone  and  blende  is  comparatiyely  small.  The  rock  has  somewhat 
the  aspect  of  a  breccia  in  which  the  smithsonite  is  the  cementing  material,  but 
this  appearance  is  probably  deceptive.  The  specimens  are  the  richest  samples 
of  Indian  zinc  ore  in  the  Museum. 

I  am  not  aware  of  any  record  of  the  occurrence  of  zinc  in  the  Kamul 
District,  or  that  its  existence  there  has  been  hitherto  known.  In  as  far  as  any 
opinion  can  be  formed  from  mere  hand  specimens,  the  ore  looks  promising,  and 
the  circumstances  under  which  it  occurs  are  undoubtedly  a  question  worth 
investigation. 


Notice  of  a  Mud  Eruption  in  the  Island  of  Cheduba. 

The  following  letter  has  been  placed  at  the  disposal  of  the  Geological  Survey 
by  Colonel  E.  B.  Sladen,  Commissioner  of  Arak&n. 

1  p.  190. 

*  p.  190.  Middleton's  analysis  of  this  sulphide  is  qnoted  by  Brooke  and  Miller  ander  pyrrhotite, 
lut  the  physical  characters,  as  given  by  the  author,  do  not  at  all  agree  with  those  of  the  latter 
mineral. 
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No.  76-26,  dated  Kyouk  Phyoo,  23rd  March  1881. 


The  Deputy  Commissioner,  Kyonk  Phyoo, 
The  Commissioner  of  Arakan. 


From 
To 

Sib, 

I  have  the  honor  to  report  that  on  the  27th  February,  at  8  A.  M.,  there  was  an 
eniption  of  a  volcano  in  the  Island  of  Cheduba.  It  was  accompanied  by  flames  and  a 
trembling  of  the  earth,  lasting  one  and  a  half  hours. 

The  volcano  is  situated  near  the  centre  of  the  Island,  and  is  shown  in  the  charts  as 
one  of  two,  close  together,  lying  about  north-west  of  the  southernmost  point  of  the  Island. 

I  have,  &c., 

(Signed)        W.  W.  PBMBERTON, 

Deputy  Commissioner. 

The  volcano  in  question  is  evidently  one  of  the  two  exceptionally  large  ones  to 
the  south-east  of  Pagoda  HiU  (Vol.  XI,  193,  222).  It  is  open  to  doubt  whether 
the  trembling  of  the  earth  was  due  to  a  slight  earthquake,  which  was  the  im- 
mediate cause  of  the  eruption  (Vol.  XI,  206),  or  whether  it  waa  not  a  mere 
local  tremor  close  to  the  volcano,  caused  by  the  explosive  outbursts  of  gas. 

F.  R.  MALLET. 


DONATIONS  TO  THE  MUSEUM. 

Donors. 

A  scries  of  specimens  illustrating  the  manufacture  of  potash-alum  and  of  aluminoferric 

cake. 

Pbtbb  Spencb,  Esq.,  Pendleton  Alum  Works,  Manchester. 

A  series  of  specimens  illustrating  the  manufacture  of  cobalt,  nickel,  and  German  silver. 

Mbbsbs.  Hbnby  Wiggin  &  Co.,  Birmingham, 

Two  specimens  of  galena,  and  one  of  garnet,  from  theM4hab4gh  lead  mine,  Haziribagh  Dist. 

The  Impbbial  Silveb-lbad  Mining  Company,  Calcutta, 

Tinstone  from  near  Jambughora,  Bewa  Xanta,  Guzer&t. 

—  BoGBBs,  Esq.,  latb  Bom.C.S. 

Seven  samples  of  corundum  from  the  Bellary  District. 

M.  Haxmiell,  Esq.,  Bellary. 

A  series  of  specimens  illustrating  the  manufacture  of  glass. 

Mesbbs.  Habtlbt  &  Co.,  Sunderland. 

A  series  of  specimens  illustrating  the  manufacture  of  carbonate  of  soda,  caustic  soda,  pearl- 
ash,  caustic  potash,  and  chlorate  of  pota<<h. 

Thb  Gbbbnbane  Alkali  Wobes  Company,  St.  JBEeUns,  Lancashire. 
A  series  of  specimens  illustrating  the  manufacture  of  iron  and  Bessemer  steel. 
Unioh    Actibn-Gbsellschaft    FiJB  Bebgbatt,   Ei8En-u-Stahl-Industbie,  Dortmund, 

Westphalia. 
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ADDITIONS  TO  THE  LIBRARY. 

From  1st  Januabt  to  SIst  Mabch  1881. 
Titles  of  Boohs,  Donors, 

Baines,  Thos. — ^The  Gold  Regions  of  South  Eastern  Africa  (1877),  8vo,  London. 
BENS017,  Chas.— Report  of  a  Tour  in  the  Cuddapah  and  North  Arcot  Districts  made  in 
August  1879  (1879),  flsc,  Madras. 

SUPDT.  OF  FaBMS,    MadBA8. 

BusTON,  Richard  F. — The  Gold  Mines  of  Midian  and  the  Ruined  Midianite  Cities  (1878), 

8vo.,  London. 
Catalogue  of  the  Calcutta  Public  Library,  with  5  Supplements  (1855 — 1879)  8vo,  Calcutta. 
Dalton,  Ed.  Tuitb. — Descriptive  Ethnology  of  Bengal  (1872),  4to,  Calcutta. 

GoTSRNlfBKT  OF  BeNOAL, 

Gordon,  R. — Report  on  the  Irrawaddy  River,  Pts.  1 — 4  and  Maps  (1879-80)  flsc.,  Rangoon. 

Chief  Comhissioker,  British  Bubua. 
Host,  Wu. — Monograph  on  Trade  and    Manufactures    in    Northern    India  (1880)  4to, 
Lucknow. 

_  > 

Hull,  Edward.— The  Coal-Fields  of  Great  Britain,  4th  Edition  (1881)  8vo,  London. 

The  Authob. 
Huxley,  Tho8.  H. — American  Addresses,  with  a  Lecture  on  the  Study  of  Biology,  (1877) 
8to.,  London. 

HuxLET,  Thos.  Henry. — Critiques  and  Addresses  (1873),  8vo.,  London. 

MojsiBOVics,  E.  V.  und  Nbuhayr  M. — Beitrage  zur  Palaontologie  von  Osterreich-Ungarn 

und  den  Angrenzenden  Gebieten,  Band  I  heft  1  (1880),  4to,  Wien. 
OwBV,  Rich. — Researches  on  the  Fossil  Remains  of  the  Extinct  Mammals  of  Australia 

with  a  notice  of  the  Extinct  Marsupials  of  England,  Vols.  I  and  II  (1877)  4to, 

London. 
Percy,  John. — ^Metallurgy,  Part  I.,  Silver  and  Gold  (1880),  8vo,  London. 
Ratebty,  Major  H.  G. — Notes  on  Afghanistan  and  part  of  Baluchistdn,  Geographical, 

Ethnological  and  Historical  (1880),  flsc.,  London. 

Foreign  Office. 
Ross,  LiEUT.-CoL.  W.  A. — Alphabetical  Manual  of  Blowpipe  Analysis  (1880),  8vo,  London. 
Saise,  Walter. — The  Kurhurballee  Coal  Field,  with  some  Remarks  on  Indian  Coals  (1880), 

8vo.,  New-Castle-on-Tyne. 

The  Author. 

Spon's   Encyclopoedia  of  the  Industrial  Arts,    Manufactures  and    Commercial    Products 
Division  III,  edited  by  Chas  G.  Wamford  Lock  (1881),  8vo,  London. 

Spon's  information  for  Colonial  Engineers,  No.  3,  India,  by  Fred.  Chas.  Danvers  (1877),  8vo. 
London. 

Thomson,  Murray. — Notice  of  a  Mass  of  Meteoric  Iron  found  in  the  village  of  Newstead, 
Roxburghshire  (1862),  8vo,  Edinburgh. 

The  Author. 

Wallace,  A.  R. — Island  Life  (1880),  8vo,  London. 

PERIODICALS,  SERIALS,  Ac. 

American  Journal  of  Science  and  Arts,  3rd  Series,  Vol.   XX,  No.  120,  and  XXI,  Nos-  121 
and  122  (1880-81),  8vo,  New  Haven. 

The  Editors. 

Annalen  der  Physik  und  Chemie.    New  Series,  Band  XI,  Nos.  12  and  13,  and  Band  XII, 
Nos.  1  and  2  (1880-81),  8vo,  Leipzig. 
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TitleM  of  Book*,  Dowyrs, 

Annales  des  Mines,  7tli  Series,  Vol.  XYIII,  lirr  4  &  5  (1880),  8vo,  Paris. 

L' Admins  des  Mikes. 

AiinalB  and  Magazine  of  Natural  Bistory,  6th  Series,  Vol.  YII,  Nos.  37  to  39  (1881) 

8yo,  London. 
Arcbiv  fur  Natui^^cbicbte,  Jabrg.  XL VI,  heft  4  and  6  (1880),  870,  Berlin. 
AtbentBum  Nos.  2773—2784  (1880-81),  4to,  London. 

Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  IV.,  No.  12,  and  Band  V,  No.  1 
(1880-81)  8vo,  Leipzig. 

Bibliotb^ue  Universelle.    Archives  des   Sciences  Physiques  et  Natnrelles,  3me  Pdriode, 
Vol.  IV,  Nos.  10—12  (1880),  8vo,  Geneve. 

Bibliotb^ne  Universelle  et  Revue  Suisse,  3me  Pdriode,  Vol.  VIII,  Nos.  11  and  12,  and  IX, 

No.  26  (1880-81),  Svo,  Lausanne. 
Botanisches  Centralblatt,  No^.  47—52,  and  Band  V,  Nos.  1—8  (1880-81)  8vo,  Leipzig. 
Chemical  News.- Vol.  XLII,  Nos.   1099—1101,  and  XLIII,  Nos.  1102—1110  (1880-81), 

4to»  London. 
Colliery  Guardian.    Vok  XL,  Nos.  1041-1046,  and  XLI,  Nos.  1046—1052  (1880-81),  fol. 

London. 
DasAusland,  Jarhg.  LIII,  Nos.  60— 62,  and  Jahrg.  LIV,  Nos.  1—9  (1880-81),  Roy.  870, 

Stuttgart 
Geological  Magazine,  New  Series,  Decade  11,  Vol.  VIII,  Nos.  1—3  (1881),  8vo,  London. 
Iron,  Vol.  XVI,  Nos.  414—419,  and  XVII,  Nos.  420—425  (188a81),  fol.,  London. 
Journal  de  Conchy liologie,  3rd  Series,  Vol.  XX,  No.  4  (1880),  8vo,  Paris. 
Journal  of  Science,  3td  Series,  Vol.  Ill,  Nos.  86—87  (1881),  8vo.  London. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  5th  Series, 

Vol.  XI,  Nos.  65—67  (1881),  8vo,  London. 
Mining  Journal,  with  Supplement^  Vol.  L,  Nos.  2364—2366  and  LI,  Nos.  2367—2375 

(1880-81),  fol.,  London. 
Nature,  Vols,  I— VII  (1870-73),  4to,  London. 

R.  Ltdekkes,  Esq. 
Nature,  Vol.  XXIII,  Nos.  681—592  (1880-81),  4to,  London. 
Naturs  Novitates,  No.  24  (1880),  and  Nos.  1—3  (1881),  8yo,  Berlin. 
Neues  Jahrbuch  fur  Mineralo^ie,  Geologie  und  Palseontologie.     Band  I,  hefb  1  and  2  (1881), 

8yo,  Stuttgart. 
Palteontographica,  Band  XXVII,  lief  2  (1880),  4to,  Cassel. 
Ptitermann's  Geographische  Mittheilungen,  Band  XXVI,  No.  12,  and  XXVII,  Nos.  1  and  2 

(1880^81),  4to,  Gotha. 
Professional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  X,  No.  39  (1881),  8vo,  Roorkee. 

Thomason  Collboe  of  Civil  ENaiNEBEiiro. 
Quarterly  Journal  of  Microscopical  Science,  New  Series,  Vol.  XXI,  No.  81  (1881)^  8yo, 

London. 

GOVERNMENT  SELECTIONS,  Ac. 

Assiif. — ^Report  on  the  Administration  of  the  Province  of  Assam  for  1879-80  (1880), 

8vo,  Shillong. 

Chief  Coumissioneb  of  Assam. 

Bomb  AT.— Gazetteer  of  the  Bombay  Presidency,  Vol.  X,  Ratnagiri  and  S&vanty&di  (1880), 

8vo,  Bombay. 

BOHBAT  GoTEBUHENT. 
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Titles  of  Books,  Donors, 

British  Bubua. — Beport  on  the  Administration  of  British  Burma  daring  1879-80  (1880), 

flscy  Bangoon. 

Chtbf  Comuissioneb  of  Bbitish  Bubma. 

India. — List  of  Officers  in  the  Survej  Departments  on  the  Ist  January  1881  (1881)»  flsc., 

Calcutta. 

HoMB,  Bey.  &  Aobi.  Dbfabthekt. 

„        Begister  of  Original  Observations  in  1879,  reduced  and  corrected,  November  and 

December  1879  (1880),  4to,  Calcutta. 

Meteob.  Bbpobteb  to  Govt,  of  India. 

„        Beport  on  the  Administration  of  the  Meteorological  Department  of  the  Govern- 
ment of  India  in  1879-80  (1880),  fol.,  Calcutta. 

Meteob.  Bepobtbb  to  Govt,  of  India. 

„        Selections  from  the  Becords  of  the  Government  of  India,  Foreign  Department, 

No.  172.    Beport  on  the  Administration  of  the  Ajmere  and  Mhairwarrs 
Districts  for  1879- 80  (1880),  8vo,  Calcutta. 

FoBEioN  Dbfabthekt. 

Mtsobe. — Beport  on  the  Administration  of  Mysore  for  1879-80  (1880),  flsc..  Bangalore. 

Chief  Comuissioneb  of  Mtsobe. 

TBANSACTIONS,  PBOCEEDINGS,  Ac,  OF  SOCIETIES,  SUBVEYS,  Ac. 

Belfast. — Proceedings  of  the  Belfast  Natural  History  and   Philosophical  Society  for  the 

Sessions  1878-79, 1879-80  (1880),  8vo,  Belfast. 

The  Society. 

Beblin. — Abhandlungen  der  Konig.  Akademie  der  Wissenschaften  zu  Berlin,  1879  (1880), 
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Artesian  Borings  in  India. — By  H.  B.  Mbdligott,  m.a.,  Geological  Survey 

of  India. 

In  such  a  thirsty  land  as  India  the  late  success  of  artesian  borings  at 
Pondicheny  has  naturally  raised  the  question — ^Why  has  not  this  source  of  water 
been  songht  for  all  over  the  countiy  P  The  best  answer  to  this  question  is  to 
show  how  many  trials  have  been  made.  Several  of  them  were  on  a  much  greater 
scale  than  the  Pondicherry  borings,  and  such  as  was  reasonably  considered  ade- 
quate to  ensure  success.  The  failure,  as  not  certainly  due  to  natural  causes, 
has  by  no  means  settled  the  condition  of  supply,  even  at  the  localities  where  the 
borings  were  made,  although  proving  it  to  be  less  accessible  than  was  hoped 
for.  A  selected  collection  of  these  scattered  records  cannot  fail  to  be  of  use  for 
future  guidance,  and  a  brief  discussion  of  the  conditions  may  help  in  the  same 
way. 

2.  The  Artesian  well. — The  simple  phenomenon  to  which  artesian  wells  are 
due  is  of  very  common  occurrence  in  ordinary  wells  sunk  below  the  sub-soil 
water :  whenever,  as  frequently  happens,  the  water  rises  at  once  to  a  higher  level 
than  that  at  which  it  was  struck.  When  the  ascensional  power  is  sufficient  to 
bring  the  water  up  to  or  above  the  surface,  the  well  is  called  artesian,  from  the 
province  of  Artois,  in  Prance,  where  such  wells  have  been  used  from  remote 
times.  Where  such  a  source  can  be  found,  it  is  manifestly  sufficient  to  tap  it  by 
a  boring,  the  dimensions  being  reg^ulated  according  to  the  discharge  required. 

3.  The  popular  explanation :  two  classes  of  condttums, '^The  familiar  explana- 
tion of  this  action,  and  indeed  the  only  one  mentioned  in  many  books,'  is  some- 
what misleading,  as  being  but  a  special  case  of  the  required  conditions.  If  an 
elastic  tube  be  filled  with  water  and  allowed  to  hang  in  a  loop  or  curve ;  if  then 
the  tube  be  punctured  on  its  upper  side,  the  water  will  spout  up  from  the  hole 
with  a  force  proportional  to  the  position  of  the  puncture  below  the  level  at  which 
the  water  stands  in  the  tube.  This  illustrates  the  example  usually  given  of 
artesian  conditions ;  where  the  water-bearing  stratum  lies  in  a  basin,  whether 
from  the  original  conformation  of  the  area  of  deposition,  or  as  induced  by  dis- 
turfaaaoe  of  the  deposits.  Such  features  are,  however,  of  the  rarest,  in  any  verna- 

'  As  ill  the  latest  edition  of  the  Eiicyclopedia  Britjfatnica. 
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cular  sense  of  the  word  basin.  Most  of  the  so-called  basins  have  one  or  more  sides 
wanting,  and  are,  in  fact,  compound  inclined  planes.  This  popnlar  view  of 
artesian  borings  would  not  even  jprimd  fade  apply  to  the  majority  of  cases,  nor 
to  any  trials  that  have  been  made  in  India.  The  fiction  and  its  misnomer  may, 
however,  be  retained  to  denote  the  important  class  of  cases  where  the  artesian 
conditions  have  been  largely  produced  by  disturbance,  causing  partial  upheaval 
and  visible  bending  of  the  strata,  in  contradistinction  to  the  other  great  ^class  in 
which  the  simple  inclined  (flatly  curved)  plane  of  original  deposition  iB>the  pre- 
vailing condition,  although  the  only  examples  of  comi»lete  *  basins '  would  be 
found  in  this  latter  class,  in  the  case  of  filled-up  and  dried-up  water  basin. 

4.  Tlie  primary  conditions :  as  produced  in  nature. — The  essential  conditions 
of  the  phenomenon  are  fulfilled  whenever  a  body  of  water  confined  in  an  in- 
clined channel,  of  whatever  dimensions,  is  arrested  or  retarded  by  a  total  or 
partial  obstruction  in  its  progress  to  its  point  of  discharge,  so  as  to  be  pressed 
back  above  that  level ;  a  state  of  permanence  being  attained  when  the  increase 
of  pressure  so  produced  causes  a  discharge  equal  to  the  supply  of  water  at  the 
upper  end,  or  when  overflow  takes  place  there.  These  conditions  are  produced 
continually  in  nature  by  the  ordinary  process  of  formation  of  sedimentaiy  rocks, 
independently  of  any  turning  up  of  the  strata  either  from  the  original  form  of 
the  floor  of  deposition  or  by  subsequent  disturbance.  Even  in  an  open  water 
basin  the  formation  of  strictly  horizontal  deposits  is  a  very  exceptional  occar- 
rence,  for  there  is  always  greater  deposition  on  the  side  from  which  the  sediment 
is  derived.  It  is  similar  in  the  case  of  deposits  formed  above  water  level  by 
the  action  of  rain  and  rivers,  of  which  we  have  such  extensive  instances  in 
India;  accumulation  takes  place  most  rapidly  .in  the  border  zone  where  the 
denuding  action  of  these  agencies  changes  into  one  of  deposition ;  and  thus  do 
alluvial  plains  present  a  constantly  increasing  slope  from  the  sea-margin  to  the 
foot  of  the  uplands  whence  their  materials  are  derived.  In  this  way  the  first 
condition  of  artesian  springs  is  established  originally  in  all  sedimentary  rocks, 
in  the  prevailing  slope  of  deposition ;  subsequent  disturbance  would  generally 
increase  this  condition  of  slope  or 'fall.'  The  other  conditions  are  also  often 
aboriginally  provided  for  in  stratified  rocks :  in  the  distribution  of  coarse  and 
fine  deposits  by  alternation,  or  by  the  latter  covering  the  former,  the  confined 
water  channel  is  produced ;  and  the  usually  greater  accumulation  of  the  coarser 
materials  at  and  near  the  higher  marginal  zone  of  the  so-called  basin  ensures  the 
retarded  discharge  and  the  consequent  accumulation  of  water  at  a  higher  level, 
which  is  the  active  factor  in  artesian  springs. 

6.  Experimental  illustrations.'^The  foregoing  statements  may  be  made  plain 
by  the  following  experimental  facts.  ^  A  leaden  pipe  of  half-inch  bore  and  about 
7  feet  long  was  placed  on  an  inclined  board,  raised  15  inches  at  one  end^  making  a 

1 1  am  much  indebted  to  my  colleague,  Mr.  F.  R.  Mallet,  for  hia  assistance  in  making  these 
experiments.  Bimple  as  they  are,  great  care  is  needed  to  ensure  accuraie  and  comparable  results. 
If  by  inattention  the  feed  of  water  falls  for  an  instant  below  the  full  supply,  air  enters  the  ppe 
and  becomes  entangled  in  the  wet  shot,  and  the  whole  has  to  be  charged  again  with  dried  shot  in 
a  dry  pipe  :  and  this  has  to  be  done  at  every  change  of  experiment.  The  water  should  be  fint 
let  in  from  below  and  very  gradually. 
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elope  of  about  10  degrees,  as  shown  in  figure  1  of  the  annexed  plate.  Arrangement 
was  made  for  a  constant  supply  of  water,  according  to  demand,  at  the  upper 
end.    At  intervals  of  about  19  inches  from  the  lower  end  of  the  pipe,  holes  were 
made  on  the  upper  side,  in  which  glass  tubes  were  fixed,' reaching  to  the  height  of 
the  upper  end  of  the  pipe.     In  the  free  pipe  so  placed,  with  a  full  supply  of 
water  at  the  upper  end,  there  was  a  discharge  of  322  cubic  inches  per  minute.   The 
pipe  was  then  filled  with  small  shot  (No.  8),  and  the  feed  water  being  kept 
strictly  level  with  the  surface  of  the  shot  at  the  top,  there  was  only  a  discharge 
less  than  5  cubic  inches  per  minute.     In  neither  of  these  cases,  i.e.,  while  the 
pipe  was  quite  straight,  whether  with  the  water  rushing  through  the  free  pipe  or 
slowly  percolating  through  the  shot,  was  there  the  slightest  tendency  of  the  water 
to  rise  in  the  glass  tubes ;  because  the  conditions  of  discharge  were  the  same  at 
every  point  of  the  pipe — there  was  nowhere  any  inactive  pressure  or  vis  a  tergo 
produced  by  the  retardation  of  the  uniform  flow.    Now  it  is  plain  that  the  dis- 
charge of  the  pipe  depends  upon  three  factors-^its  slope,  the  porosity  of  its 
contents,  and  the  sectional  furea  of  the  pipe ;  and  the  effects  of  these  three  factors 
are  separately  made  visible  in  the  following  experiments.     The  pipe  wa^  bent  at 
the  upper  end,  giving  it  a  gradually  decreasing  slope  to  near  the  third  tube.     Shot 
(No.' 8)  was  again  filled  in,  as  in  the  preceding  experiment,  and  water  laid  on 
and  maintained  at  the  exact  upper  surface  of  the  shot,  when  a  considerable  rise 
took  place  in  the  three  glass  tubes  as  represented  in  figure  2  of  the  annexed 
plate,  drawn  to  a  natural  scale  of  about  -g^th.^     These  tubes  represent  artesian 
wells,  and  the  rises  that  would  take  place  in  corresponding  relative  positions. 
The  only  change  in  this  experiment  from  the  previous  one  is  the  increased  poten- 
tial discharge  in  the  upper  part  of  the  tube  owing  to  increased  slope ;  this  flow  is 
obstructed  and  retarded  by  the  decreasing  slope  below,  and  thus  a  pressure,  or  vis 
a  tergOy  is  produced  throughout  the  whole  pipe,  causing  the  rise  in  the  several 
tabes.     In  the  preceding  paragraph  it  was  shown  that  this  condition  of  increased 
slope  towards  the  source  is  normally  produced  in  the  formation  of  sedimentary 
rocks.     The  next  experiment  (case  No.  3)  shows  the  effect  of  unequal  porosity,  all 
else  being  as  in  case  No.  1.     The  pipe  was  charged  with  No.  8  shot  to  between  the 
first  and  second  tubes,  and  then  filled  up  with  much  larger  shot  (BB).     The  rises 
that  took  place  are  shown  in  figure  3 ;  they  can  only  be  due  to  the  checking  of  the 
greater  potential  discharge  of  the  more  porous  upper  part  by  the  less  porous  lower 
part  of  tiie  pipe.     This  condition  too  is  a  normal  result  of  sedimentary  formation : 
the  finer  material  being  swept  on  to  the  lower  or  more  distant  position.     To  show 
the  independent  effect  of  a  change  of  capacity  in  the  water  stratum,  a  pipe  of 
one  inch  bore  was  joined  to  the  smaller  pipe,  between  the  first  and  second  tubes, 
and  the  whole  compound  pipe  filled  with  the  small  shot  (No.  8),  as  in  case  No.  1. 
The  effect,  shown  in  figure  4,  was  much  stronger  than  in  case  No.  3,  no  doubt 
in  exact  proportion  to  the  greater  potential  discharge  of  the  one-inch  pipe  charged 
with  No.  8*  shot  over  that  of  the  same  length  of  half -inch  pipe  filled  with  BB  shot. 

^  It  is  interesting  to  observe  tbat  in  tbis  experiment  the  line  joiuing  these  heights  is  straight, 
and  that  its  prolongatioa  intersects  the  two  terminals  of  supply  and  discharge.  This  fact  waa 
eoufirmed  when  the  head  was  raised  to  20  inches  and  lowered  to  10  inches,  so,  within  the  range  of 
these  experiments,  it  indicates  a  law  of  the  condition!. 
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This  condition  also  would  be  a  normal  result  of  the  process  of  rock  formation ;  the 
greater  accumulation  of  coarse  materials  at  the  upper  margin  of  deposition  would 
give  a  vastly  greater  sectional  area  to  the  water  strata  in  that  position,  thinning  out 
indefinitely  beneath  the  finer  succeeding  deposits.  Numerous  other  experiments 
were  made,  from  which  I  select  two :  one  to  show  the  extreme  limit  of  condition 
No.  3 ;  the  upper  part  of  the  pipe  was  left  free  of  shot,  when  the  rise  in  the  tubes 
was,  of  course,  very  great,  as  shown  in  figure  5.  The  combined  effect  of  cases  3 
and  4  are  shown  in  figure  6,  when  the  larger  pipe  was  filled  with  BB  shot.^  As 
occurring  in  nature  these  several  conditions  are  of  course  almost  infinitely  varied, 
and  beyond  all  possibility  of  accarate  detection  from  the  surface ;  but  throughout 
every  complication  the  total  result  must  rigourously  conform  to  the  laws  indicated 
in  the  foregoing  experiments. 

6.  Practical  difference  between  basins  of  disturbance  and  of  original  deposition. — 
The  simplicity  of  the  primary  conditions  that  have  been  shown  to  govern  the 
action  of  artesian  wells  might  lead  to  very  false  expectations  as  to  the  ease  and 
certainiy  with  which  such  wells  may  be  established.  It  needs  some  knowledge 
of  geology  to  be  aware  of  all  the  chances  that  may  intervene  to  frustrate  tiie 
best  laid  hopes,  and  how  those  hopes  have  in  the  first  instance  to  be  based  upon 
inferences  that  are  far  short  of  certainly.  In  this  respect  there  is  much  differ^ 
ence  in  the  data  of  observation  between  the  two  classes  of  sources  I  have  indi- 
cated, those  entirely  dependent  upon  original  conditions  of  deposition,  and  those 
which  are  largely  due  to  subsequent  disturbances  of  the  strata.  In  the  latter 
case  it  would  seem  as  if  additional  complications  were  introduced :  and  to  a 
certain  extent  this  is  true,  for  such  strata  are  affected  by  fissures  and  disloca- 
tions from  which  difficulties  the  undisturbed  deposits  are  free.  But  on  the  whole 
there  is  a  balance  of  available  information  in  ^vour  of  the  more  complicated 
structure. 

7.  Examples. — The  contrast  can  be  illustrated  from  ^imiliar  examples.  The 
strata  from  which  the  deep  artesian  sources  of  London  and  Paris  are  derived 
are  turned  up  and  exposed  in  the  country  surrounding  the  valleys  of  the  Thame* 
and  the  Seine.  The  sequence  of  the  strata  on  both  sides  can  thus  be  observed 
and  compared,  and  a  fair  opinion  formed  as  to  the  water-bearing  strata,  and  as  to 
the  depth  at  which  they  will  be  found  within  the  basin.  It  is  obviously  different 
for  deposits  that  still  lie  in  their  basin  of  formation.  Here  only  the  topmost 
beds  are  visible,  and  we  can  have  no  actual  particulars,  unless  by  trial  sinking, 
as  to  the  composition  and  depth  of  what  lies  below  the  surface.  It  is  quite  cer- 
tain, however,  that  on  the  whole  they  are  made  up  of  alternations  of  porous  and 
non-porous  materials;  and  in  the  case  of  river  valley  deposits  there  is  a  further 

^  In  the  figures  the  actual  readings  (reduced  to  a  constant  head  leyel)  are  recorded,  and  the 
apparent  anomaly  may  be  noticed  in  some  cases  of  a  rise  in  the  upper  tulie,  actaally  higher  thfto 
the  level  nt  the  head.  In  case  6  this  amounts  to  nearly  fotir  tenths  of  an  inch.  In  this  experiment 
the  feed  was  managed  by  a  siphon,  regulated  by  a  pinch-cock,  from  a  water  surface  about  4  inches 
higher  than  the  top  of  the  pipe,  the  lower  end  of  the ,  siphon  being  close  on  the  surface  at  the 
top  of  the  {dpe ;  the  increased  rise  in  the  tube  was  evidently  dae  to  the  continuous  impact  of  the 
tiny  jet  of  water  by  which  the  feed  was  sustuncd.  To  minimise  this  interference  an  intermediate 
cistern  was  introduced,  having  an  overflow  to  ensure  a  constant  surface  at  about  1  inch  over 
the  top  of  the  pipe :  but  even  with  this  arrangement  the  effect  was  still  observable,  as  in  cose  6. 
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presumption  that  the  bottom  bedfl,  formed  largely  of  the  debris  of  local  rocks, 
would  be  coarse  and  porous,  -while,  as  the  deposits  accnmulate  and  spread  at 
higher  levels,  finer  sediment  would  predominate:  one  might  travel  over  the 
plains  of  India,  from  the  delta  of  the  Gunges  to  that  of  the  Indus,  without  finding 
a  transported  pebble  larger  than  a  pea.  Accordingly,  it  is  a  matter  of  very 
wide  experience  that  artesian  springs  are  abundantly  yielded  by  such  recent 
deposits.  Those  of  Lombardy,  of  the  Sahara  and  of  Pondicherry  are  of  thi9 
nature. 

8.  Older  rock-hasvns  m  India. — There  are  in  India  several  large  areas  occupied 
by  old  formations  having  a  general  synclinal  disposition.  This  distribution  of 
the  rocks  in  isolated  basins  is  quite  a  general  feature  of  Indian  geology,  and 
it  cannot  be  asserted  as  impossible  that  there  should  be  artesian  sources  within 
Bome  of  these  basins.  In  the  south  there  are  the  Kadapah,  Kaladghi,  and 
Bhima  areas  in  which  the  strata  dip  inwards  from  a  rim  of  gneiss,  but  the  rocks 
aT9  too  much  indurated  to  be  properly  porous,  and  the  frequent  local  contortions 
within  the  basin  would  otherwise  disturb  any  calculation  as  to  the  continuity  of 
any  particular  group  of  beds.  In  the  north  there  is  the  great  area  of  Upper 
Vindhyan  rocks,  stretching  from  Beh&r  round  by  SAgor  to  Dholpur.  The  com- 
position of  tile  series,  in  thick  alternating  masses  of  sandstones  and  shales, 
presents  the  most  favourable  original  conditions  for  the  retention  of  underground 
water;  and  the  lie  of  the  strata  is  equally  propitious,  with  a  gentle  inward  slope 
on  all  sides.  But  here  again  the  rocks  are  in  too  advanced  a  state  of  indura- 
tion ;  none  of  them  are  porous  in  the  degree  required  for  a  prolific  water  stra- 
tum, so  that,  unless  the  supply  were  aided  by  fissures  or  other  accidents,  it  could 
scarcely  be  counted  upon.  A  more  direct  cause  of  failure  at  many  points  of  the 
area  would  be  found  in  the  elevated  position  of  the  rock  basin,  which  is  orogra- 
phically  a  plateau.  Thus,  although  the  outcrops  of  the  several  lower  groups  on 
the  borders  of  the  area  are  higher  than  much  of  the  surface  in  the  centre,  most 
of  the  riverer  drain  across  the  northern  scarp  in  deep  gorges  or  cailons,  which 
would  afford  a  natural  outlet  for  percolation  from  those  groups  at  a  lower  level 
than  the  upland  plains. 

9.  Secondary  rock'hasina  in  India-, — Some  of  the  objections  made  in  the  case 
of  the  older  rocks  would  not  apply  with  the  same  force  to  the  great  series 
of  secondary  rocks  known  as  the  Gondw^na  system.  This  also  is  distributed 
throughout  the  northern  half  of  the  peninsula,  in  more  or  less  isolated  basins, 
partly  of  original  limitation,  but  a  good  deal  affected  by  subsequent  compression. 
It  b  composed  largely  of  massive  sandstones  with  subordinate  clays,  all  in  a 
much  less  advanced  state  of  consolidation  than  are  the  Vindhyan  rocks,  but  greatly 
more  compacted  than  the  upper  secondary  strata  from  which  the  deep  artesian 
springs  of  the  London  and  Paris  basins  are  derived.  The  least  permeable  beds 
are,  however,  those  at  the  base  of  the  series.  Although  these  generally  include 
a  great  conglomerate,  the  '  boulder  bed '  of  the  Talchir  group,  supposed  to  be 
in  some  degree  of  glacial  formation,  the  matrix  of  this  bed  is  a  fine  silt,  quite 
impervious  to  water.  Still,  in  certain  positions,  it  is  not  impossible  that  artesian 
springs  might  be  forthcoming  in  these  rocks :  thus,  in  a  south  central  position 
in  the   Baniganj  basin^  a  boring  that  penetrated  below  the  ironstone-shales 
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(sapposing  them  to  be  continuoos)  might  tap  water  that  would  rise  to  the  surface. 
Another  perhaps  more  likely  position  may  be  noticed  in  the  interior  yiJley  along 
the  northern  edge  of  the  Satpiira  basin,  where  the  Denwa  olajs  are  supposed 
to  be  underlaid  by  an  attenuated  extension  of  the  Pachmari  sandstone,  which 
rises  into  high  hills  immediately  to  the  south.  I  mention  this  ground  because 
partial  trials  were  made  here  in  the  borings  for  coal  at  Kh&pa  and  Manegaon, 
the  former  to  a  depth  of  720  feet,  the  latter  to  420  feet.  But  in  neither  case 
did  any  water  rise  to  the  surface,  although  in  the  Elhdpa  hole  an  ingress  of 
sand  and  water  under  pressure  occurred  at  some  points,  necessitating  the  use  of 
piping  to  a  depth  of  270  feet.  It  is  rather  to  be  hoped  that  no  such  store  of 
water  does  exist  in  these  deposits,  as  it  would  be  a  serious  obstacle  to  deep  min- 
ing, which  may  at  some  future  time  be  undertaken.  I  am  unable  to  quote  any 
instances  of  an  artesian  boring  in  rocks  that  had  undergone  a  considerable 
degree  of  induration.  This  state  almost  precludes  the  conditions  required  for 
artesian  springs :  porosity  in  an  adequate  degree  can  hardly  exist,  and  the  water 
circulation  is  relegated  to  cracks  and  fissures  which  affect  the  indurated  im- 
pervious beds  as  well  as  the  originally  porous  ones,  so  that  the  water  distribution 
becomes  promiscuous  instead  of  in  sheets. 

10.  Inquiries  made  in  Madras  in  1864. — In  1864  anxious  inquiries  were  made 
by  the  Goyemment  of  Madras  as  to  the  prospect  of  artesian  borin^s^  in  certain 
districts  especially  liable  to  drought,  as  specified  in  the  subjoined  letter  :— 

"  From  Secretary  to  the  Board  of  Revenue,  to  Secretary  to  Goyemment,  dated  Madras, 

25th  AprU  1864. 

"  Sib, — I  am  directed  by  the  Board  of  Revenue  to  submit,  for  the  consideration  of  Govern- 
ment, that  it  is  expedient  to  make  a  thorough  trial  of  the  artesian  well  system  in  snch  parts 
of  the  country  as,  in  communication  with  the  Geological  Survey  Department,  may  be 
deemed  most  favourably  circamstanced  for  the  purpose. 

"  The  actual  and  serious  deficiency  of  water  for  drinking  and  domestic  purposes  be- 
comes painfully  conspicuous  in  a  season  of  drought  such  as  the  present,  and  so  far  as  the 
Board  can  judge,  the  evil  is  gxeatest  in  locaKties  which  hold  out  fair  promise  of  success  to 
the  proposed  experiment. 

"  They  may  instance  Coimhatore  in  the  neighbourhood  of  the  Neilgheny  range,  Bellary 
not  far  from  tbe  Ramandroog  range,  and  parts  of  Eadapah,  which  are  generally  in  sufficient 
proximity  to  hilly  tracts  to  indicate  primd  facie  that  the  system  might  succeed. 

"  The  Collectors  could  point  out  to  the  Geological  Department  the  exact  spots  where 
the  want  of  water  is  most  keenly  felt,  when  in  the  hot  and  dry  season  villagers  have  daily 
to  travel  some  miles  to  obtun  drinking  water,  and  not  unfrequently  have  to  pay  for  it  to 
the  fortunate  possessor  of  a  spring,  small  tank,  or  well ;  and  the  Board  believe  that  tbe 
Geological  Surveyors  could  without  much  labour  determine  whether  the  contour  and  strati- 
fication of  the  country  allowed  hope  of  success  for  artesian  wells." 

In  two  of  the  districts  mentioned,  the  hills,  which  were  pointed  out  as  possible 
sources  of  artesian  springs,  are  entirely,  as  well  as  the  ground  beneath  the  plains, 
of  crystalline  metamorphic  rocks.  In  the  third  the  rocks  are  slates  and  quart- 
aites  of  the  transition  series,  in  which  the  prospects  are  scarcely  better.  In  con- 
nection with  these  inquiries  two  deep  borings  were  recommended  by  Captain  F. 
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Fischer,  B.E.,  to  be  made  in  tlie  Bellary  district,  and  the  work  was  sanctioned  by 
the  Madras  Goyeiiiment  ;^  bat  they  were  not  carried  out,  from  want  of  funds.* 

11.  Borings  in  tertiary  rocks  at  Qogah,  Chizerdt. — The  only  artesian  boring 
in  India  in  rocks  older  than  the  alluvium  that  I  can  find  mention  of  is  one  at 
Gogah  (Gogo),  a  little  promontory  in  the  Gulf  of  Cambay,  on  the  east  coast  of 
Kattywar,  in  Guzerdt.  It  was  put  down  in  upper  tertiary  rocks,  the  same  as  those 
so  well  known  for  their  fossil  mammalian  remains  in  the  Island  of  Perim,  6 
miles  distant  to  the  south-east.  A  notice  of  it  is  recorded  in  the  Journal  of  the 
Asiatic  Society  of  Bengal  for  1837  (Vol.  VI,  p.  786),  by  the  officer  in  charge, 
Lieutenant  George  Fulljames,  presumably  the  originator  of  the  enterprise.  A 
full  section  of  the  boring  is  given,  to  a  depth  of  335  feet,  the  work  being  then 
in  progress,  but  so  far  without  result.^  The  section  in  the  boring  is  not 
altogether  unfavourable ;  in  the  lower  portion  there  is  a  great  preponderance  of 
"  stifF  blue  clay,"  which  would  form  a  thorough  cover  for  any  water-bearing  bed 
below  it ;  but  there  seems  little  or  no  prospect  of  success  in  such  a  position,  at 
least  from  the  tertiary  beds  themselves.  These  lie  flatly,  or  with  a  gentle  easterly 
slope  of  original  deposition,  but  they  are  only  a.  fringing  belt  on  the  Kattywar 
coast,  forming  very  low  ground.  Inland  from  Gogah  they  extend  for  about 
5  miles,  where  they  rest  upon  a  denuded  surface  of  the  Deccan  trap,  so  that  their 
immediate  catchment  area  is  very  small,  and  the  possible  supply  from  drainage 
is  also  very  restricted,  for  at  about  12  miles  from  Gogah  the  trap  forms  a  small 
range  rising  to  a  summit  of  986  feet.  The  bedding  in  this  rock  is  either  hori- 
zontal, or,  probably,  having  a  low  westerly  inclination.  The  rainfall,  moreover, 
is  small,  seldom  exceeding  20  inches.  All  things  considered,  the  best  chance  of 
an  artesian  spring  at  Gogah  would  seem  to  be  the  possibility  of  a  supply  in  the 

^  Order  No.  1895,  dated  14th  October  1864. 

'  Proceedings,  Qoyemment  of  Madras,  No.  138,  dated  14th  January  1866. 

'  Hy  inquiries  as  to  any  further  knowledge  of  this  boring  has  elicited  the  following  interesting 
information  from  the  Public  Works  Secretariat,  Bombay,  dated  29th  June  1881 : — 

"  In  reply  to  your  letter  No.  162,  dated  12th  May  1881,  I  have  the  honour  to  state  that 
Lieatenant  Fulljames*  report  cannot  now  be  traced,  but  that  it  appears  that  from  1831  to  1837-38, 
an  outlay.of  Es,  65,163  was  incurred  in  boring  experiments  in  Quzer&t,  Eolaba,  the  Southern 
Mantha  country,  and  Foona. 

"As  regards  the  experiments  in  Guzerdt,  the  Collector  of  Ahmedabad  in  a  report,  dated  14th 
Vardi  1842,  stated  as  follows : 

*  With  respect  to  the  advantsiges  which  haye  hitherto  attended  the  experiments,  1  take  this 
opportonity  of  observing  that,  although  a  moderate  supply  of  sweet  water  may  generally  be 
obtained  by  this  means  in  the  Dholka  Purgunnay  and  undoubtedly  in  years  when  the  monsoon 
hJUt  md  water  is  not  procurable  under  any  circumstances,  the  benefit  to  those  villages  where  a 
bore  has  been  successful  cannot  be  too  highly  appreciated,  yet  on  the  whole  I  am  of  opinion  their 
success  cannot  be  considered  to  have  been  commensurate  with  the  expense,  including  the  risk  of 
iailnre  which  attends  them.' 

"At  Poona  the  operations  were  discontinued  in  consequence  of  the  little  prospect  of  success 
iriiing  from  the  unfavourable  nature  of  the  strata.  At  Kolaba  also  the  attempt  proved  an  entire 
isilore. 

"  Further  search  will  be  made  for  Lieutenant  Fulljames'  report,  and  if  forthcoming  copies 
vill  be  duly  transmitted  to  you." 
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bottom  beds,  derived  from  the  trap ;  or,  more  remotely  still,  from  the  opposite 
side  of  the  basin  of  deposition,  50  miles  to  the  east,  where  lower  tertiary  strata 
rise  to  some  little  elevation  at  the  base  of  the  Rdjpipla  hills,  formed  of  the 
Deccan  trap.  These  two  suggestions  illustrate  the  considerations  that  may, 
as  a  last  resource,  be  taken  into  account  in  speculating  upon  artesian  sources. 

12.  Allvmal  plains, — The  want  of  water  is  nowhere  more  felt  than  in  parts 
of  the  great  alluvial  plains  of  India,  and  all  the  deep  borings  in  Northern  India 
have  been  made  in  that  region.  None  other  offers  such  a  fair  prospect  of  sue. 
cess  although  hitherto  the  results  have  been  disappointing.  The  plains  are 
correctly  spoken  of  as  alluvial,  as  being  still  more  or  less  subject  to  increase 
from  inundation  or  atmospheric  action;  but  these  surface  deposits  are  often 
in  continuous  sequence  with  similar  underlying  strata  of  great  thickness,  and, 
no  doubt,  ranging  in  age  to  early  pleistocene  times.  These  alluvial  areas 
may  be  distinguished  as  of  two  kinds :  there  are  extensive  upland  valley  plains, 
entirely  encompassed  by  hills  or  low  rocky  outcrops ;  and  the  plains  of  the  great 
rivers  terminating  on  the  seaboard. 

13.  Midla/nd  plams :  the  Narhada  Valley :  surface  features, — Of  the  midland 
plains  we  have  a  good  example  in  the  country  known  as  '  the  Narbada  Valley,' 
in  the  centre  of  the  peninsula,  stretching  for  about  200  miles  between  Jabalpur 
and  Harda,  with  a  width  of  about  20  miles.  The  elevations  of  these  two  places 
are  1,351'51  and  946*75  feet,^  giving  a  total  fall  of  a  little  over  400  feet,  or  about 
2  feet  per  mile.  The  cross-section  of  the  valley  equally  indicates  that  its  surface 
is  due  to  actual,  or  very  recent,  alluvial  conditions  :  although  the  main  river, 
the  Narbada,  enters  the  valley  from  the  southern  hiUs,  at  the  east  end,  its  course 
throughout  the  valley  keeps  near  to  the  northern  side,  a  fact  no  doubt  connected 
with  the  much  greater  influx  of  detrital  matter  from  the  south.  The  watershed 
on  the  north  is  along  the  Yindhyan  scarp,  immediately  overhanging  the  valley, 
while  the  southern  affluents  of  the  Narbada  drain  a  large  area  of  the  Satpnra 
range,  composed  of  much  softer  rocks  than  the  Yindhyans.  On  the  branch  hue 
to  the  Mohpdni  coal-field  there  is  a  fall  from  1,242  feet,  at  the  foot  of  the 
southern  hills,  to  1,157*72  at  G^darwira  junction,  in  a  length  of  11  miles,  or 
about  7  feet  per  mile. 

14.  Becent  erosion  and  its  cause, — Although  the  deposits  of  the  Narbada 
Yalley  are  the  work  of  the  existing  rivers,  we  have  to  note  this  primary  result 
as  completed,  so  far  as  the  chief  rivers  are  concerned,  and  as  having  already 
undergone  modification  of  a  most  important  kind  as  regards  artesian  springs. 
The  Narbada  and  all  its  main  affluents  now  flow  in  permancDtly  defined  channels 
well  below  the  general  surface,  and  never  inundate  the  adjoining  plains,  which 
are  now  undergoing  denudation  rather  than  increase,  unless  in  the  immediate 
neighbourhood  of  the  hills.  Such  a  change  in  the  mode  of  action  of  rivers  imme- 
diately implies  a  greater  total  of  carrying  power  in  the  a-Tmnfrl  discharge  of 
water ;  and  this  may  be  due  either  to  an  increased  fall,  or  to  an  increased  volume 
of  water,  or  to  a  change  in  the  regulation  of  the  same  total  discharge  from  a 
distributed  gradual  escape,  largely  by  percolation,  to  one  taking  place  in  ooncen- 

*  These  clovatioM  were  kindly  given  to  me  by  Mr.  J.  H.  Edwards,  District  Engineer,  O.  L  P. 
Railway,  at  Jabalpur;  thoy  refer  to  the  level  of  the  rails  above  mean  sea  datam-level. 
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trated  floods.  It  is  scarcely  doubtful  to  wliicli  of  these  causes  the  actual  con- 
ditaons  are  to  be  assigned-  An  increased  fall,  whether  by  a  lowering  of  the 
level  of  escape,  or  by  a  rise  of  the  area  of  supply,  would  almost  surely  be  detect- 
able m  the  inequality  of  its  efEects  at  different  points  of  the  basin,  either  in  the 
work  done  by  the  main  river  or  of  its  affluents  on  either  side ;  whereas  the 
observed  conditions  of  recent  erosion  occur  about  equally  all  over,  where  each 
stream  enters  the  valley,  as  much  as  at  the  final  point  of  discharge.  The  second 
cause  may  also  be  laid  aside ;  there  is  nothing  to  support  the  supposition  of  a 
great  increase  of  raiofall  in  late  times.  There  is  much  reason  to  think  that  the 
effect  under  notice  is  attributable  to  the  third  cause  mentioned,  the  increased 
rapidity  of  escape  of  the  periodical  rainfall,  this  being  due  to  the  progressive 
deforesting  of  the  land  since  prehistoric  times  with  increase  of  population.  The 
effect  of  this  upon  artesian  springs  will  be  mentioned  presently. 

15.  Undergrowid  features  of  alluvial  valleys, — If  we  now  attempt  some  con- 
jectares  as  to  the  underground  conditions  upon  which  the  chances  of  a  water 
supply  80  much  depend,  we  are  at  once  confronted  by  the  obscurity  mentioned 
in  para.  6.     A  first  presumption  regarding  an  alluvial  valley  is  that  it  had 
under  other  conditions  been  excavated  by  the  agencies  which  are  now  filling 
it  up,  the  change  of  operation  having  been  effected  either  by  a  suitable  move- 
ment of  the  ground,  or  simply  by   the  backward  growth  of   deposits  from 
the  delta.     Under  this  latter  simplest,  and  perhaps  commonest,  condition  of 
alluvial  deposition,  one  assumption  can  be  made  regarding  the  depth  of  the 
depoflits,  that  the  maximum  depth  in  any  cross-section  is  ^less  than  that  of  any 
cross-section  below  it  (down-stream)  ;  i.e.,  that  the  alluvial  area  is  not  a  . '  rock- 
basin' — one  in  which  the   bottom  of  hard  rock  is  cup-shaped,   with  interior 
depths  greater  than  the  lowest  point  of  the  enclosing  barrier.'     But  this  relative 
information  is  of  no  practical  value  without  a  knowledge  of  the  maximum  depth 
at  any  cross-section.    A  further  uncertainty  arises  from  the  great  irregularity 
of  surface-form  produced  by  subaerial  denudation,  according  to  the  texture  and 
posture  of  the  rocks  acted  on.     For  instance,  the  upper  valley  of  the  Damuda, 
between  the  gneissio  plateaus  of  Bdnchi  and  Hazdribdgh,  is  chiefly  occupied  by 
detached  basins  of  Gondw&na  strata^  which  the  river  and  its  affluents  have 
carved  into  hills  of  various  shapes,  leaving  some  central  masses  of  sandstone 
nearly  as  high  as  the  adjoining  uplands  of  metamorphic  rocks.     If  this  valley 
were  to  become  filled  with  alluvium,  the  future  well-sinker  might  think  himself 
safe  in  choosing  a  central  position  for  his  boring ;  and  at  many  places  he  might 
sink  successfully  to  a  depth  of  several  hundred  feet,  whereas  not  far  ofE,  in  what 
he  might  think  more  open  and  safer  ground,  his  rods  would  strike  rock  near 
the  surface,  on  what  are  now  the  Lagu  and  the  Maudi  hills  of  Gondwdna  sand- 
stone.    Thus,  to  return  to  the  actual  case  of  the  Narbada  Valley,  the  fact  that 
outcrops  of  rock  only  occur  near  to  the  north  or  south  boundary,  gives  very  small 
presumption  as  to  the  depth  of  the  deposits  at  any  point. 

16.  Ex&nvplified  by  ike  Narhada  Valley. -^Oiher  causes  besides  the  simple  ones 
just  mentioned^  and  more  local  in  their  efEects,  may  have  contributed  to  bring 

'  This  18,  of  conne,  only  trae  generally,  and  within  moderate  limits,  for  it  is  common  to  find 
in  riTer  beds  a  deep  pool  above  a  rock  barrier;  where  soft  or  decomposable  rock  occurs  above  jthat 
forming  the  barrier;  and  it  would  be  difficalt  to  assign  a  limit  to  tUs  action. 

B 


214  Records  of  the  Qeologieal  Survey  of  India.  [tou  xit. 

about  the  formation  of  an  alluyial  basin  and  to  (XHnpKcate  the  TrndergTound 
features.     The  Narbada  Yallej  would  seem  to  be  a  case  in  point ;  its  history  is 
eyidentlj  ver j  intricate  and  as  jet  imperfectly  made  out ;  but  it  will  serve  to 
illustrate  the  point  under  discussion.     The  alluvial  area  occurs  where  the  river 
valley  lies  between  Vindhyan  rocks  on  the  north,  forming  the  plateau  of  Malwa, 
Bhopal,  and  Sagar,  and  Gondwdna  rocks  on  the  south,  forming  the  highest  portion 
of  the  Satpura  range.    It  is  thus  at  once  evident  that  we  are  in  the  neighbour- 
hood of  important  structural  features  ;  that  the  valley  here  is  not  simply  one  of 
erosion  in  the  same  geological  formation.     The  severance  of  these  two  great 
sedimentary  series  on  opposite  sides  of  the  valley  is  complete,  no  remnant  of 
either  being  found  near  the  other ;  and  it  is  doubtful  if  they  were  ever  in  con- 
tact in  this  region.     They  both  rest  with  total  unconformity  upon  the  same 
transition  and  gnessic  rocks,  which  are  seen  at  a  few  places  on  the  borders  of  the 
valley  and  might  thus  appear  to  form  the  bed  of  the  alluvial  basin.     Both  the 
Gondwdnas  and  the  Yindhyans,  within  their  respective  areas,  have  undergone 
comparatively  little  disturbance ;  but  on  the   margin  of  those  areas,  1.6.,  next 
the  valley,  there  is  much  local  contortion  in  each  of  them.     This  circumstance 
has  given  rise  to  speculation  as  to  the  present  Emits  of  the  sedimentary  forma- 
tions being  due  to  great  movements  of  downthrow,  to  the  north  on  the  side  of 
the  Yindhyans,  and  to  the  south  on  the  side  of  the  Gondw&nas — a  supposition 
which  impUes  that  the  ground  now  occupied  by  the  valley  had  been  a  position 
of  relative  upheaval*     Closer  examination  has  not  confirmed  this  view  :  at  several 
points  the  upper  beds  of  the  Gondwdna  series  are  found  lapping  round  the 
low  hills  of  metamorphic   rocks  on  the  margin  of  the  valley,  proving  that  the 
original  limits  of  the  deposits  were  approximately  where  we  now  find  them.^ 
The  case  is  not  so  clearly  made  out  for  the  Yindhyans,  but  the  fact  that  the 
shales  which  form  such  a  considerable  proportion  of  the  series  within  the  basin 
are  scarcely,  if  at  aU,  represented  along  the  southern  margin,  points  strongly  to 
a  similar  conclusion  as  for  the  Gondw^na  boundary.     On  this  view  then  we  have 
to  presume  that  in  Yindhyan,  and  still  later  in  Gondwdna  times,  there  existed  a 
range  of  older  rocks  where  now  lies  the  Narbada  Yalley — a  view  only  a  degree 
less  embarrassing  than  the  former  supposition  of  its  having  been  a  position  of 
actual  upheaval  in  still  later  times.     Had  we  no  further  facts  to  deal  with,  we 
should  only  have  to  work  the  problem  by  the  well-known  condition  that  rocks 
in  a  high  state  of  chemical  combination,  such  as  the  metamorphic  rocks,  are 
much  more  subject  to  decay,  especially  under  the  influence  of  vegetation,  than 
the  deposits  which  are  the  immediate  residue  of  that  decay. 

17.  Continued. — There  is,  however,  later  information  regarding  the  history 
of  the  valley.  At  several  points  along  the  south  margin,  bedded  basaltic  rock  is 
found  beneath  the  alluvium,  outside  (in  front  of)  the  fringe  of  metamorphic 
rocks  which  support  the  scarp  of  Gondwdna  sandstone.  From  this  we  must 
conclude,  either  that  the  Narbada  Yalley  existed  to  a  greater  depth  than  at 
present,  in  middle  cretaceous  times,  before  the  outburst  of  the  Deccan  trap,  when 
it  became  filled  up  by  this  rock,  which  undoubtedly  was  once  continuous  across 
it  connecting  the  points  where  it  is  still  found  capping  both  the  Yindhyans  and 

1  For  detaiU  of  this  feature,  see  Mem.,  0*  S.  I.,  Vol  X.  Sec.  10,  p.  164. 
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the  Oondwdnas  on  ^ther  side  of  the  yallej ;  or  else,  this  now  low-level  trap  had 
overspread  the  npland  of  metamorpliio  rocks  that  formerly  must  have  separated 
the  Yindhjan  and  Gondwdna  basins,  and  have  been  let  down  by  a  fault  close 
along  the  present  south  edge  of  the  valley.  Tbere  are  facts  in  favour  of  both 
views,  and  it  is  probable  that  the  result  is  partially  due  to  each  condition.  It  is 
very  probaUe  that  the  ridge  of  old  rocks  had  undergone  very  extensive  decay 
and  erosion  before  the  advent  of  the  basaltic  outflow,  as  had  undoubtedly  taken 
place  in  the  adjoining  area  of  similar  rocks  to  the  north  of  the  Vindhyan  plateau 
in  Lower  Bundelkband.  That  area  had  certainly  been  occupied  by  hills  of  gneiss 
when  the  Vindhyans  were  deposited,^  and  it  is  equally  certain  that  at  the 
Deocan  trap  period  it  had  been  reduced  to  about  its  present  level,  the  basalt 
being  found  in  tbe  low  ground  continuous  with  that  on  Vindhyans  of  the  Sdgar 
plateau  (I.  c,  p.  16)  ;  and  that  result  was  chiefly,  if  not  wholly,  due  to  simple 
weathering  (I.  c,  p.  95).  We  might  then  suppose  that  the  same  had  occurred  in 
the  case  of  the  Narbada  Valley,  and  that  its  re-excavation  in  the  basaltic  rock, 
on  the  old  lines,  was  simply  the  effect  of  denudation.  There  would  be  nothing 
very  forced  in  such  a  supposition,  and,  indeed,  to  a  great  extent  it  has  to  be 
adopted,  but  there  are  other  facts  that  would  not  thus  be  accounted  for. 

18.  Continued  i  the  Sukahheri  and  Gadarwdra  borings, — The  facts  just  referred 
to  could  not  have  been  discovered  from  any  observations  at  the  surface ;  they  have 
been  brought  to  light  by  some  trial  borings  for  coal.     It  was  conjectured  that 
tile  Oondwana  coal  measures  might  have  extended  into  valleys  of  the  metamor- 
phic  lulls,  which  formed  the  general  boundary  of  the  basin  in  this  position,  and 
borings  were  undertaken  in  the  alluvium  in  front  of  the  Mohpdni  coal-field  ;  one 
at  Sukakheri,   3  miles  from  the  hills,  and  one  at  Gddarwdra  junction,  11  miles 
from  the  hills.    The  latter  was  sunk  to  a  depth  of  251  feet»  and  the  former  to 
491  feet^   altogether  in  alluvial  deposits.     The   operations  could  not  be  carried 
farther,  and  practically  they  answered  the  purpose  for  which  they  were  under- 
taken, for  it  would  scarcely  be  profitable  at  present  to  sink  for  coal  through  such 
a  thickness  of  soft  rock ;  but,  of  course,  it  still  remains  unknown  what  formation 
underh'es  the  valley  deposits  at  these  points.     The  discovery  of  the  great  depth 
of  the  alluvium  is,  however,  in  itself  a  very  interesting  and  unexpected  fact,  as 
showing  that  the  alluvial  basin  of  the   Narbada  Valley  is  a  rock-basin  of  con. 
siderable  depth.     The  rock-bed  of  the  Narbada  at  Hindia,  a  few  miles  north  of 
Harda,  may  be  about  100  feet  lower  than  the  surface  at  Harda ;  and  thus  it 
would  be  nearly  150  feet  higher  than  the  bottom  of  the  bore-hole  at  Sukakheri 
(where  the  rock  had  not  yet  been  touched),  at  a  point  115  miles  higher  up  the 
valley;  and  it  cannot  be  assumed  that  the  Sukakheri  boring  chanced  upon  the 
deepest  point  of  the  alluvial  deposits.     It  may  thus  be  fairly  presumed  that 
special  subsidence  contributed  to  the  formation  of  the  valley ;  and  this  contribu- 
tion must  have  been  made  at  a  comparatively  recent  date,  for  it  is  introduced  to 
account  for  the  depression  of  the  actual  rock-surface  beneath  the  alluvial  cover- 
ing.   Direct  observation  gives  support  to  this  supposition.     Although,  indeed, 
we  find  (aa  at  Mohpdni)   the  basalt  resting  upon  crushed  and  denuded  lowest 
Gondw&na  beds  close  in  front  of  the  cliff  of  Upper  Gondwdna  sandstone — show- 

^  Manual  of  Qeology  of  India,  p.  87. 
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ing  that  mucH  of  the  disturbance  and  erosion  affecting  this  formation '  had  taken 
place  before  the  Deccan  trap  period — jet  there  are  nnmerons  sections  on  the  line 
of  the  southern  edge  of  the  Narbada  Valley  to  show  that  the  trap  itself  has 
undergone  much  displacement  in  that  position. 

19.  Continued :  special  obstacles  to  aaiesian  springs.'^So  much  then  for  the 
geological  discussion  of  the  facts;  we  may  now  look  to  their  bearing  on  the 
artesian  well  question.  We  are  assured  of  a  basin  of  quite  unexpected  dim^i- 
sions,  and  most  of  the  surface  conditions  seem  favourable,  yet  in  two  borings  of 
yery  considerable  depth  no  sign  of  an  artesian  spring  occurred.  This  would,  in- 
deed, be  fully  accounted  for  by  the  fact  that  neither  boring  passed  through  or 
touched  any  bed  of  porous  material.  An  occasional  pebble  was  brought  up,  but 
the  whole  mass  passed  through  seems  to  consist  of  more  or  less  impervious  day. 
I  find  it  recorded  in  the  boring  journals  that  the  hole  had  partly  filled  up  again 
and  had  to  be  cleared  out,  but  this  seems  to  have  occurred  where  the  rods  were 
far  (sometimes  50  feet)  ahead  of  the  tubing,  a  fact  in  itself  sufficiently  proving 
the  tenacity  of  the  ground.  We  might  then  consider  the  question  as  unaffected 
by  these  experiments,  but  I  think  I  can  point  out  a  circumstance  which  would, 
independently  of  the  condition  of  a  porous  water-stratum,  prevent  the  occur- 
rence of  an  artesian  spring  at  the  general  surface  level  of  such  a  valley  as  this, 
which  is,  I  imagine,  as  regards  superficial  features,  iypical  of  the  midland  allu- 
vial areas  of  India.  The  level  to  which  water  would  rise  in  a  boring  depends 
primarily  upon  its  level  at  thehead  of  supply ;  now  although  Sukakheri  is  70  feet, 
and  Gddarw&ra  84  feet,  lower  than  the  summit  level  on  the  branch  railway  dose 
to  the  foot  of  the  hills,  the  Sitariva  river  where  it  enters  the  alluvium  has  cut 
its  bed  down  to  about  100  feet  below  the  same  level.  This,  of  course,  acts  as  a 
complete  drain  upon  the  accumulation  of  underground,  water  to  a  considera- 
ble depth.  ^  The  only  chance  then  of  a  spring  rising  to  the  surface  in  such  an 
area  would  seem  to  be  from  a  source  far  up  the  valley.  I  am  not  at  all  prepared 
to  say  that  the  expectation  of  such  a  source  would  be  unreasonable,  but  for  the 
probability  that  this  pressure  also  would  find  a  leak  through  bottom  coarse 
deposits  to  the  sides  of  the  valley  at  the  lateral  stream  channels^  and  so  undergo 
constant  adjustment  to  the  fall.  The  cause  of  failure  here  noticed  is  analogous 
to  that  pointed  out  for  the  old  rock  basins  at  the  end  of  paragraph  8,  and  it  is  the 
effect  of  the  recent  erosion  described  in  para.  14. 

20.  Coastal  alluvial  plains, '^The  case  of  alluvial  plains  ending  at  the  sea  is 
somewhat  different  from  that  of  the  upland  valley  plains.  In  these  latter  we  can 
seldom  (previous  to  trial)  count  upon  a  greater  depth  of  alluvial  strata  than  the 
level  of  the  rock-bed  at  the  point  of  discharge ;  in  the  former  case  there  is 
no  such  limitation,  and  there  would  be  a  general  probability  of  a  depth  increas- 
ing towards  the  sea  margin.  There  would,  moreover,  be  a  less  chance  of  great 
inequalities  of  depth,  for  the  floor  upon  which  such  deposits  rest  would  for  the 
most  part  have  been  prepared  by  marine  denudation,  which  does  its  work  in  a 
more  regular  manner  than  atmospheric  agencies.  The  prospect  then  of  an 
artesian  boring  in  a  coastal  alluvial  region  would,  as  regards  primary  conditions, 
be  reduced  to  the  consideration  of  the  catchment  area  and  rainfall. 

^At  a  distance  of  a  quarts  mile  the  bed  of  the  Sakar  is  95  feet  below  the  lerel  at  the 
G^darwto  boring. 
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21.  The  Ooromandel  plains. — The  Bnccessfal  artesian  borings  at  Pondicherry 
giye  a  general  illustration  of  the  conditions  nnder  consideration,  or  at  least  of 
one  phase  of  them.  The  whole  Coromandel  coast  is  fringed  with  allayinni,  al- 
though at  intervals  between  the-  principal  rivers  rocks  come  close  to  the  shore, 
or  even  touch  it  at  a  few  points.  Sonth  of  the  Kistna  none  of  the  rivers  of  the 
Peninsula  are  able  to  maintain  an  encroaching  delta ;  there  seems  a  temporary 
nentrality  established  between  them  and  the  sea,  for  on  its  side  the  sea  does 
no  more  than  shake  oat  and  spread  the  allnvial  matter  it  receives  from  the  rivers, 
80  that  the  sea-bottom  is  almost  a  simple  continnation  of  the  alluvial  plain.  At 
10  miles  from  the  shore  the  depth  only  varies  between  20  and  30  fathoms, 
giving  a  slope  of  1  in  400,  or  15  feet  in  a  mile.  Under  such  circumstances 
the  ^ore  line  is  very  regular,  almost  straight,  but  inside  it  the  rock  margin  of 
the  alluvial  plain  is  most  sinuous,  retreating  rapidly  inland  between  the  low 
plateans  of  tertiary  sandstone  that  separate  the  main  river  basins  back  to  the 
upland  of  gneissio  rock,  and  far  up  the  valleys  of  the  principal  streams.  From 
these  highest  beginnings  of  the  alluvial  area  the  principal  rivers  are,  or  have 
been  till  very  recently,  in  the  distributing  phase  of  action,  t.«.,  sending  off  dis- 
tributaries, or  flood-water  subsidiary  channels,  any  one  of  which  may,  according 
to  circumstances,  be  adopted  as  the  main  channel,  the  old  one  being  abandoned. 
This  feature  is  a  necessary  condition  of  a  depositing  river,  for  when  the  stream 
acts  principally  as  an  agent  of  erosion,  it  necessarily  deepens  its  channel  and 
fixes  its  position  permanently.  Thus  it  is  evident  that  this  plain  is  of  the  most 
recent  formation. 

22.  The  Pondicherry  borings. — Pondicherry  is  situated  on  the  shore,  at  the 
extreme  north-eaflt  comer  of  one  of  these  plains,  where  the  alluvium  runs  up 
like  a  wedge  between  the  sea  and  the  rounded  south-east  edge  of  the  low 
plateau  of  tertiary  sandstone,  which  is  only  2  miles  distant  from  the  town. 
To  the  south,  for  a  width  of  about  15  miles,  the  plain  has  a  depth  (from  the 
shore  line)  of  about  25  miles,  with  a  mean  slope  of  about  5  feet  in  a  mile.  To 
all  appearance  Pondicherry  is  thus  least  favourably  placed  as  regards  an  under- 
ground water-supply  from  the  alluvium ;  but  Mons.  C.  Poulain,  the  enterprising 
manager  of  the  Savana  factory,  undertook  the  experiment  with  entire  confidence, 
and  was  rewarded  with  success.  There  are  now  three  artesian  wells  in  con- 
tinuous operation  within  a  circle  of  600  yards  radius,  close  to  the  sea.  The  sur- 
face at  the  wells  is  only  from  6  to  9  feet  above  mean  sea  level,  the  extreme  tidal 
range  being  (for  Madras)  5  feet  4  inches.  In  one  case  the  artesian  water  rose 
to  a  height  of  15  feet  above  sea  level : — 

Artesian  wells  at  Pondicherry. 


PodtioD. 

Depth,  feet. 

Discharflre. 

gnUonn  per 

minate. 

DUmeterof 
tube,  Inches. 

Temperatore, 

I. — Savana                  ...                ...                ... 

II.~>Up41em 
III.~Jardin  d'acclimatation 

174 
119 
261 

80 
100 
146-5 

5-57 

708 

10-23 

91-4 
93-74 

tI8 


Seeords  of  tie  Oeological  Survey  of  India. 


[vol.  XIV. 


Oeneralised  section  of  well  No,  III, 

Depth. 

ThickneGS. 

No. 

^ 

F^BOt. 

Peet 

4 

4 

Soil. 

14 

10 

1 

Clayey  sands. 

27 

13 

2 

Alternating  coarse  sands« 

86 

9 

8 

Black  clay  and  fine  sand. 

40 

4 

4 

Clayey  sands. 

52 

12 

5 

Clean  sand. 

89 

87 

6 

Black  clays,  some  sandy. 

101 

12 

7 

Alternating  sand  and  clay. 

110 

9 

8 

Sandy  clay  and  sand. 

158 

48 

9 

Black  clay. 

180 

22 

10 

Iflne  earthy  sand. 

198 

18 

11 

Coarse  sand,  partly  fermginons. 

217 

19 

12 

White  sand,  earthy,  and  conglomeratic 

235 

18 

13 

Sand  and  fermginons  grit. 

242 

7 

14 

Fine  sand. 

261 

19 

16 

Sand,  gravelly  and  fermginons. 

Decayed  wood  was  brought  up  from  several  of  these  bands,  2,  5, 13,  14,  and  15 ; 
and  also  fragments  of  shells,  presumably  marine,  from  No.  9.  There  is  a  decided 
correspondence  in  the  sections  of  the  three  wells,  the  black  clay  bands  Nos.  6 
and  9  being  well  represented  in  all,  and  indicating  a  steady  inclination  to  east 
and  south.  In  both  the  deeper  wells  decided  artesian  springs  occurred  at  higher 
levels  than  those  at  which  the  borings  were  suspended.  The  several  discharges  in 
these  three  wells  have  no  definite  relation  to  the  depths  or  to  the  capacities  of 
the  tubes ;  but  it  is  evident  that  with  the  same  statical  pressure  the  discharge 
would  be  largely  affected  by  the  porosity  of  the  particular  ground  ^m  which 
the  supply  was  received.  All  these  wells  have  been  working  now  for  nearly 
three  years  without  any  diminution.  Formerly  the  dry-weather  level  of  the 
upper  ground-water  was  a  little  below  mean  sea  level,  but  since  the  wells 
have  been  at  work  there  has  been  a  rise  of  between  2  and  3  feet  in  the  ground* 
water  attributed  to  the  waste  water  from  profose  irrigation  from  the  wells. 
A  much  deeper  boring  (to  550  feet)  was  executed  in  the  Black  Town,  about 
1,000  yards  to  the  north  of  the  other  wells  and  proportionally  nearer  to  the 
edge  of  the  basin,  and  more  removed  from  the  main  alluvial  area :  at  540  feet 
the  water  rose  to  within  3  feet  of  the  surface  with  a  discharge  of  13  gallons 
a  minute:  but  no  further  success  was  obtained.  The  strata  passed  through 
agreed  with  those  in  the  other  wells,  the  lower  beds  being  all  sandy,  with 
occasionally  vegetable  matter,  as  in  the  section  already  given. 

23.  Special  condition  of  their  success, — It  is  important  to  call  attention  to 
a  secondary  condition  of  success  in  these  Pondicherry  borings,  namely,  the  con- 
tinuous prolongation  of  the  deposits  to  a  considerable  distance  under  the  sea, 
whereby  the  water  of  these  springs  at  the  shore  line  has  still  to  force  its  way  for 
many  miles  before  finding  an  escape.  It  is,  I  think,  evident  from  the  experi- 
ments described  in  paragraph  5,  that,  aU  else  remaining  as  now,  the  springs  at 
Pondicherry  would  cease  to  deliver  water  at  the  surface  if  the  sea  were  to 
excavate  a  moderately  deep  channel  near  the  shore. 
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24.  Altered  condition  of  the  shore.-^The  frequent  mention  of  vegetable  matter 
and  'decayed  wood'  at  all  deptlis  in  these  borings  is  certainly  suggestive  of 
shallow  waters  or  even  of  terrestrial  conditionB,  and  therefore  of  continuous 
subsidence  of  the  ground ;  yet  it  would  not  be  safe  to  insist  on  this,  for  it  is 
scarcely  known  to  what  extent  water-logged  vegetable  debris  may  form  an 
ingredient  of  free  deposition  in  the  immediate  vicinity  of  land  densely  covered 
with  forest,  as  no  doubt  was  the  condition  of  the  Coromandel  until  comparatively 
recent  times.  Nothing  of  J  the  kind  oould  occur  now ;  but  changes  of  the  surface 
conformation,  effected  by  the  destruction  of  forest,  are  no  doubt  as  marked  here 
as  in  the  upland  alluvial  areas  already  described :  the  line  between  land  and 
water  was  probably  then  far  less  marked  than  now  ;  instead  of  the  sand  dunes 
that  fringe  the  present  shore  at  many  places,  there  would  have  been  everywhere 
an  imperceptible  passage  through  swamp  vegetation  into  the  actual  sea. 

25.  PuriJiccUion  of  marine  deposits. "^The  absence  of  mention  of  brackish 
water  in  the  Pondicherry  borings  is  noteworthy  if  only  in  contrast  to  what  has 
been  observed  elsewhere,  as  at  Madras,  where  it  seems  rather  the  rule  than  the 
exception  to  find  brackish  water  in  the  shallow  wells.  If  this  saline  impurity 
be  not  due  to  local  production  at  the  surface,  it  must  be  derived  from  unwashed 
marine  deposits ;  and  in  places  on  this  coast  undoubted  marine  beds  have  been 
observed  above  the  present  sea  level.  In  either  case  it  is  an  illustration  of  the 
capricious  action  of  underground  percolation,  through  the  irregular  distribution 
of  porous  and  non-porous  beds.  It  must,  I  think,  be  taken  as  the  normal  result 
of  percolating  atmospheric  waters  to  completely  purge  (in  time)  all  rocks  to 
which  they  have  access.  So  long  as  a  '  head  '  of  fresh  water  is  maintained  by 
soakage  from  the  surface  in  g^und  above  sea  level,  that  water,  in  all  its  most 
distant  ramifications,  wherever  a  sensible  flow  is  sustained,  must  bar  the  access 
of  sea-water  at  whatever  depth.  A  good  instance  of  how  rapidly  and  effectually 
this  duty  is  performed  may  be  quoted  from  Madras :  a  tide  guage  cylinder  was 
sunk  to  about  12  feet  on  the  shore  close  to  the  high-water  mark,  and  it  filled 
with  fresh  water.* 

26.  Western  India:  boring  at  Ahmeddbad, — In  the  report  of  the  Committee 
on  the  project  for  the  Calcutta  boring^  I  find  the  following  mention  of  an  appa- 
rently successful  artesian  boring  in  an  alluvial  area  of  Western  India :  "  While 
drawing  up  our  report,  we  hear  of  the  eminent  good  fortune  which  has  attended 
Lieutenant  FuUjames'  attempts  in  Guzerdt,  at  Ahmedabad,^  where  water  rushed 
up  with  great  force  through  the  tubes  to  the  astonishment  of  the  inexperienced 
in  such  matters.  The  soil  in  the  plains  of  Guzer^t  is  so  sandy  and  unretentive 
of  moisture  that  most  of  the  wells  have  a  depth  exceeding  100  feet.  The  boring 
was  commenced  at  the  bottom  of  an  abandoned  well."     I  have  not  succeeded  in 

r 

>  Information  from  Captain  Baiid,  B.E.,  in  charge  of  tidal  observations. 

I  hflEve,  I  think,  given  all  the  important  facts  of  the  experience  at  Pondicherry ;  for  further 
paiticalan  reference  may  be  made  to  Recoids,  Geological  Sorvey  of  India»  Vol.  XIII,  pp.  113 
udl94. 

'  Jour.,  As.  See.,  Bengal,  1888,  Vol.  II.  p.  872. 

'  The  eleyaUon  of  Ahmedabad  is  ld6  feet ;  the  distance  from  the  head  of  the  Gnlf  of  Cambay 
U  50  miles. 
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finding  any  further  information  regarding  this  boring  (see  note,  p.  211),  and 
probably  the  last  sentence  of  the  quotation  explains  this  defect,  in  that  the  spring 
was  only  partially  artesian,  and  never  reached  the  surface.  This  is  an  important 
resource  that  is  not  known  of  in  many  districts  where  it  might  be  of  use.  I  have 
been  told  that  in  parts  of  North-western  India  it  is  the  practice  to  excavate  wells 
down  to  a  certain  bed  of  clay,  and  to  bore  a  hole  in  this,  through  which  the  water 
rises  to  a  more  or  less  constant  height. 

27.  Delias. — The  familiar  word  'delta'  is  most  inconveniently  vague  as  a 
term  of  physical  geography,  being  based  upon  quite  a  special  combination  of 
conditions,  the  essentials  of  which  commonly  occur  without  producing  anything 
like  what  is  generally  understood  as  a  delta.     A  strict  definition  of  the  term 
would  be — the  area  embraced  between  the  extreme  distributaries  of  a  river  and 
the  sea.     In  the  case  of  the  Nile  the  land  so  defined  did  form  nearly  an  equi- 
lateral triangle,  and  hence  the  name  from  the  Greek  letter  A.     The  word  always 
implies  proximiiy  to  the  sea,  but  the  essential  point  of  the  feature  is  the  perma- 
nent dividing  of  the  waters  of  the  river,  and  this  may  occur  anywhere  in  the 
alluvial  area,  however  far  from  the  sea.     To  take  an  extreme  instance :  there 
was  almost  certainly  a  time  (and  it  might  recur  but  for  human  interference) 
when  the  Jumna  divided  its  waters  near  the  sub-Himalayan  zone,  sending  some 
to  the  Arabian  Sea  and  some  to  the  Bay  of  Bengal,  and  thus  the  whole  of  penin- 
sular India  would  be  included  in  its  delta,  as  above  defined ;  or  again,  most  of  the 
coastal  plains  of  the  Coromandel,  as  ah^ady  described,  are  deltaic,  as  embraced 
by  the  distributaries  of  the  principal  rivers ;  but  they  have  a  much  greater  slope 
than  obtains  under  the  fluvio-marine  conditions  of  the  true  delta,  which  may  be 
described   as  the    extreme    form  of  alluvial  ground,   where    deposition  from 
inundation  merges  into  deposition  in  a   water-basin.     In  the  lower  parts  of  a 
delta  aU  except  the  topmost  layers  must  be  of  the  latter  kind,  except  where  de- 
pression has  intervened  to  sink  a  land  surface  below  the  sea  level.     Even  as  thns 
described,  deltas  vary  greatly  from  the  point  of  view  of  artesian  conditions. 
Mere  size  is  an  important  consideration  here,  involving  as  it  does  the  greater  or 
less  prolongation  of  the  strata  with  a  minimum  slope  and  having  a  TniTn'mnTn 
capacity  as  water-bearing. 

28.  TAe  Calcutta  boring, — The  foregoing  reflections  may  go  far  to  explain  the 
failure  of  the  artesian  boring  at  Calcutta  in  1838,^  with  the  inference  that  in 
such  a  case  there  may  be  no  chance  of  success.  Calcutta,  although  70  miles  from 
the  sea,  is  far  within  the  tidal  area  of  the  delta ;  the  nearest  edge  of  the  aUnyial 
basin  is  about  80  miles  distant  to  the  west,  a  large  portion  of  which  ground  is 
also  within  tidal  range ;  '  the  technical  head  of  the  delta,  where  the  Hugli  (or 
Bhdgirathi)  leaves  the  Ganges,  is  170  miles  to  the  north.  It  is  thus  evident  that 
for  an  immense  area  around  Calcutta  the  strata  are  as  nearly  horizontal  as  any 
deposits  can  be,  where^  of  course,  any  residue  of  pressure  from  the  head  is  of  the 
smallest.     It  may  be,  too,  that  in  such  very  fresh  deposits,  still  in  great  part 

^  There  had  been  (flinoe  1804i)  28  previous  i^ttempts  on  a  smaller  scale. 
'  Spring  tides  at  Calcutta  range  to  83  feet  from  the  lowest  dry  weather  ebb  to  the  greatest 
rise  with  the  river  in  flood. 
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under  water,  consolidation  has  been  so  partial  that  difEosion  of  water  from  the 
lowest  beds  can  sensibly  take  effect  througbont  the  mass.  Some  sucb  inferences 
ftie,  I  think,  the  lesson  to  be  taken  from  the  boring  experiment  at  CaJcntta,  con- 
demning the  attempt  as  hopeless.  The  following  section  of  the  g^und  in  this 
boring  is  abstracted  from  the  account  bj  Lieutenant  B.  Baird  Smith  (Bengal 
£iigineers)y  in  the  Calcutta  Journal  of  Natural  History  (Vol.  I,  p.  324,  184(1).^ 

Section  of  ihe  Fort  William  Boring:  April  1836  to  Beptember  1838. 


Depth. 

ThickneM. 

No. 

Fwt. 

Fiet. 

10 

10 

1 

Artificial  soil. 

50 

40 

2 

Blue  adhesive  clay,  becomes  darker  from  carbomioeons  matter  till 
between  80  to  50  feet  large  pieces  of  peat  were  brought  up. 

60 

10 

8 

Calcareous  clay,  with  kankar. 

75 

15 

4 

Silicious  clay,  green  at  top ;  lower  portion  with  kankar. 

120 

45 

6 

Variegated  sandy  clay,  with  layers  of  kankar. 

125 

5 

6 

Marl. 

128 

3 

7 

Friable  sand,  earthy. 

150 

22 

8 

Marl. 

175 

25 

9 

Sandy  clay,  with  grains  of  laterite. 

183 

8 

10 

Quartz  grravel,  finer  below. 

206 

22 

11 

Hard  ferruginous  clay. 

208 

8 

12 

Sand,  more  or  less  indurated. 

380 

172 

13 

Ferruginous  sand  with  calcareous  earthy  layers ;  kankar  and  pebblea 
of  primary  rocks  are  frequent  in  the  lower  part,  where  also  fossil 
bones  occurred. 

382 

2 

14 

Blue  marl  with  shells. 

392 

10 

15 

Peaty  clay ;  rolled  fragments  of  coal  at  base. 

481 

89 

16 

Sand  with  pebbles  of  primary  rocks,  fossil  bones,  and  decayed  wood. 

To  all  appearance  the  alternation  of  beds  in  this  section  is  very  &yourabl9 
for  an  artesian  effect ;  and  of  course  upon  the  withdrawal  of  stuff  from  the  tube 
there  was  a  continuous  inrush  of  semi-fluid  sand  from  the  beds  7,  10,  and  16 ;  it 
was  the  chief  difllculiy  in  the  prosecution  of  the  operation  ;  but  the  water  seems 
never  to  have  risen  above  the  ordinary  level  of  the  upper  ground-water,  which 
varied  from  10  to  12  feet  from  the  surface  according  to  the  season.  The  fre- 
qaent  occurrence  of  decayed  wood,  and  especially  of  bones,  down  to  the  lowest 
beds  reached  is  very  remarkable,  showing  that  the  deposits  there  are  far  from 
being  fully,  if  at  all,  marine.  At  the  bottom  oi  the  bore  the  pebbles  (mentioned 
in  the  section)  were  of  large  size ;  it  was  in  the  endeavour  to  break  these  stones, 
to  admit  of  the  further  penetration  of  the  tube,  that  the  tools  became  inextri- 
cably stuck,  and  the  operation  brought  to  an  end.  The  presence  of  these 
large  stones  of  primary  rocks  is  the  most  exceptional  fact  bronght  to  light  by  the 
boring,  as  compared  with  what  would  now  be  possible  in  this  position.  It  seems 
to  require   the  presence  of  rocks  in  Htu  much  nearer  than  could  have  been 

'  I  have  not  found  mention  of  the  siie  of  the  tubing  used  in  the  Calcutta  boring,  but  from 
•  drawings  to  scale  of  the  cylinder  let  down  as  a  last  resource  to  free  tlM  hole  by  explosion,  the 
bWmal  diameter  of  the  tube  at  the  lowest  depth  must  have  been  at  least  6  inches;  and  it  would 
9^*m  that  only  one  tube  was  used  throughout 
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suspected  from  the  surface  features,  if,  indeed,  it  do  not  indicate  the  local  base 

of  the  deltaic  deposits. 

29.  Borings  at  Venice,  for  comparison, — It  may  be  well  to  give  for  compariBon 
an  instance  of  successful  artesian  borings  in  deltaic  ground.     Six  years  after  the 
breakdown  of  the  Calcutta  experiment,  Mons.  Degous^e,  the  eminent  French 
engineer  of  artesian  borings,  proposed  to  substitute  artesian  wells  for  the  rain- 
water  cisterns  upon  which  Venice  had  hitherto  chiefly  depended  for  its  water- 
supply.     Venice  is  not  in  the  delta  of  a  great  river,  lying  well  to  the  north  of 
the   mouths   of  the   Po   and  the  Adige;  it  stands  in  the  confluent  deltas  of 
a  number  of  smaller  Alpine  streams,  but  the  conditions  of  formation  are  the  same. 
From  the  inner  border  of  the  lagoons  there  is  a  fringing  area  of  flat  alluvial 
ground,  having  a. minimum  width  of  about  10  miles  to  the  north-west  of  Venice. 
Between  this  and  the  foot  of  the  mountains  there  is  a  zone,  16  to  20  miles  wide, 
of  higher  ground  formed  of  coarser  gravelly  deposits,  the  preglacial  *  diluvium' 
of  local  geologists,  but  with  undisturbed  stratification,  and  presumably  passing  in- 
definitely beneath  the  alluvium.     It  absorbs  much  water  from  the  Alpine  streams, 
and  M.  Degous^,  in  his  preliminary  investigation,  looked  to  these  deposits  for 
his  water-supply.     In  this,  however,  he  was  mistaken  ;  at  least  no  such  rock  was 
struck  in  the  bore ;  the  discharge  came  from  typically  deltaic  deposits.    M.  De- 
gousee  also  recognised  the  importance  of  the  fact  that  the  fluvio-marine  deposits 
themselves  stretched  for  a  great  distance  beneath  the  sea  at  a  gentle  slope,  the 
25  fathom  line  being  nearly  50  miles  from  shore.     In  several  borings  a  copious 
discharge  took  place  from  a  depth  of  about  200  feet,    the  hydrostatic  level 
rising  to  about  9  feet  above  that  of  the  lagoons.     A  free  escape  of  inflamable 
hydrocarbons  with  sulphurous  gas  accompanied  the  water.     From  these  facts, 
and  the  proportion  of  nitrogenous  organic  matter  in  the  water,  it  was  presumed 
that  the  source  of  the  supply  was  in  the  marshy  ground  of  the  alluvial  area ; 
but  this  may,  I  think,  be  doubted ;  there  is  abundance  of  organic  matter  in  the 
beds  themselves  for  the  production  of  those  ingredients,  and  the  rise  of  water 
rather  suggests  that  the  water  stratum  is  the  deltaic  prolongation  of  the  gravel 
deposits   of  the  inner  slopes ;  this  may,  indeed,  have  been  Mons.   Degousee's 
view  of  it,  only  it  is  not  so  expressed.     In  hopes  of  finding  a  purer  source,  one  of 
the  borings  was  continued  to  a  depth  of  422  feet,  but  without  any  further 
success.    The  following  is  a  section  of  this  deeper  boring.*     The  upper  beds 
correspond  with  those  found  in  all  the  borings  : — 

Section  of  Artesian  boring :   Piazza  Santa  Maria  Formosa^  Venice, 


Depth. 


Metres. 

Hetree. 

10 

10 

1 

4-50 

3-50 

2 

4-75 

0-25 

3 

60 

0-26 

4 

90 

4-0 

6 

150 

60 

6 

Made  g^und. 

Earthy  calcareous  sand,  marine  shells. 

Grey  sandy  clay. 

Layer  of  marine  shells. 

Clay,  blue  and  yellow. 

Sand,  fine,  silicio-calcareous. 


3? 


1  C.  A.  de  Challaye :  Bull.  Soc.,  Qeol.  de  France,  2nd  Ser.,  Vol.  V.  (1847-48),  p.  23. 
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OcpUi. 


Thickii 


No. 


Metre*. 

18-50 
20*30 
2170 
23-50 
24-30 
25-80 
27-50 
-29-20 
810 
31-75 
33-80 
45-50 
4600 
48-0 
48-26 
52-50 
530 
53-23 
5650 
57-30 
57-60 
600 
76-50 
80<> 
80-20 
8-i-90 
84-85 
85-0 
86-50 
103-50 
112-dO 
119-0 
125-0 
126-50 
126-80 
130-44 
13212 


Hetrea. 
3-50 
1-80 
1-40 
1-80 
0-80 
1-20 
20 
1-70 
1-80 
0-75 
2-06 

11-70 
0-50 
2-0 
0-25 
425 
0-50 
0-23 
3-27 
0-80 
0-30 
2-40 

16-50 
3-50 
0-20 
2-70 
1-95 
0-15 
1-50 

19-0 
7-40 
610 
60 
1-50 
0-30 
3-64 


7 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 
31 
32 
83 
84 
35 
86 
37 
38 
39 
40 
41 
42 

43 


Sandy  blaiflh,  ranning. 

Clay,  grey,  mar^j. 

Sand. 

Clay. 

Sand. 

Caay. 

Sand. 

Clay,  peaty. 

„     white,  firm. 

peaty,  micaceouA. 
marly,  firm. 
Sand,  earthy,  compact. 
Clay,  white,  loose, 
peaty, 
white. 

loose,  ninning. 
white  and  peaty, 
white  compact. 
Sand,  earthy,  micaceooB. 
Clay,  grey,  loose. 

„      peaty. 

M      sandy,  white,  micaceoos. 
Sand,  grey,  micaceous,  running.     Water  hed. 
Clay,  white,  calcareous;  marine  shells. 

„     peaty. 

„      grey,  running. 
Sand,  grey,  very  fine. 
Peat,  dry,  light. 
Clay,  greenish  grey. 

Sand,  coamish,  running ;  with  calcareous  grarel  and  decayed  wood. 
Chiy,  grey,  light. 
Saxid,  very  micaceous ;  marine  shells. 

„      very  fine. 
Clay,  bluish,  light. 
Peat,  earthy. 
Chiy,  grey,  peaty. 
Sand,  grey,  micaceous. 


M 


*> 


M 


ft 


The  layers  of  peat  (Nos.  14,  20,  34,  and  41)  are  taken  to  mark  fonr  snccessiTe 
growths  at  the  surface,  indicating  separate  acts  of  subsidence  of  the  deposits, 
which  are  typically  deltaic  throughout.  ^ 

30.  Indo-Oangetic  plains :  the  eastern  system.'^l  must  now  attempt  to  notice 
the  features  of  the  great  Indo-Gangetic  plains,  though  for  the  special  object  in 
view  the  data  of  observation  are  very  scanty.  In  respect  of  the  unknown  lower 
limit  of  outfall  the  case  corresponds  with  that  of  the  coastal  alluvium,  and  in 
other  respects  the  conditions  resemble  those  discussed  for  the  Narbada  Valley : 
for  the  most  part  the  alluvial  plains  of  the  Ganges  occupy  a  great  valley  between 
the  rocks  of  peninsular  India  on  the  south  and  the  Himalaya  on  the  north.  As 
might  be  expected,  the  Himalayan  rivers  play  a  completely  dominant  part  in  the 
formation  and  occupation  of  these  plains.     The  Jumna,   which  is  the  most 

1  It  may  be  intereeting  to  mention  that  five  sets  of  pipes  had  to  be  used  in  this  boring,  of  the 
following  dimensions  (in  metres) : — 


IKameter 
Length 


I. 

II. 

III. 

IV. 

V. 

0-40 

0-36 

0*80 

0-26 

o-«o 

46*29 

73-86 

78-M 

106  06 

182-11 

224 
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western  affluent  of  the  eastern  river-sjstem,  leaves  the  Siwalik  hills  at  a  level  of 
1,100  feet,^  flows  with  a  westerly  curve  to  Delhi  (700  feet),  120  miles  to  sonth- 
bj-west  of  the  gorge ;  here  it  touches  one  of  the  most  northerly  extensions  of  the 
ArvaJi  rocks.  From  Delhi  it  flows  to  south-by-east  for  110  miles  to  Agra  (550 
feet),  where  Yindhyan  rocks  are  close  by,  and  thence  on  to  east-south-east  for 
260  miles  to  Allahabad  (320  feet),  where  it  joins  the  Ghknges.  A  little  aboye 
Allahabad  the  river  again  touches  the  southern  rocks  (Yindhyans),  and  repeated- 
ly in  its  due  easterly  course  for  370  miles  to  below  Sdhebganj,  where  it  turns  to 
the  south,  nearly  at  right  angles,  round  the  north-eastern  extremity  of  the  Baj- 
mahal  hills  (and  of  the  peninsular  rock  area),  into  the  deltaic  region.  The 
elevation  here  is  reduced  to  about  120  feet.  There  is  a  corresponding  gradual 
decrease  of  elevation  eastwards  along  the  upper  edge  of  the  plains  at  the  base  of 
the  Siwalik  (sub-Himalayan)  range.  At  Hardwdr,  on  the  Gunges  (40  miles  east 
of  the  Jumna  gorge),  the  height  is  950  feet,  and  at  the  foot  of  the  Sikkim 
Himalayas,  nearly  due  north  of  Sdhebganj,  the  level  of  the  Teesta  at  the  mouth 
of  its  gorge  may  be  about  500  feet.  The  following  table  of  levels  along  the 
Northern  Bengal  State  Railway,  which  runs  in  a  nearly  north  and  south  direc- 
tion from  Siliguri  (about  8  miles  from  the  foot  of  the  mountains)  to  Sara  on  the 
left  bank  of  the  Gkmges  near  the  head  of  the  delta,  gives  an  instructive  section 
of  the  plains  in  this  position,  showing  that  for  a  distance  of  60  miles  to  the 
north  the  ground  is  actually  lower  than  on  the  banks  of  the  great  river : — 


Height. 

Distanoe. 

Feet, 

Miles. 

42218 

196 

822-91 

183 

276-93 

173 

25712 

167 

238-00 

159-5 

214-28 

153 

18616 

143-25 

166-80 

132-75 

145*53 

124 

140-21 

120-5 

121-99 

111-25 

109-13 

100 

102-59 

9275 

79-96 

84-76 

78-25 

78-5 

76-34 

72-25 

64-97 

63 

4749 

54-5 

4010 

51-5 

46-04 

46-75 

47-30 

88-75 

49-90 

32-75 

47-56 

24 

5710 

16-25 

53-73 

8-75 

55-31 

1 

Siliguri 

Shikarpnr. 

Jalpaignri  . 

Mondolgliat 

Haldibfuri. 

Chilahati. 

Domer. 

Nilphainari. 

Darwani. 

Saidpur. 

Parbatipur 

Phulbari. 

Birampur. 

HiUee. 

P^nchbibi. 

Jaipur. 

Nawabganj. 

Chaitangram. 

Sultanpur. 

Raninagar. 

Atrai. 

Madhanagar. 

Nattore. 

Malanchi. 

Qopalpur. 

Sam  . 


From  here  to  Jalpaiguri  the  line  runs  to  south-east. 

Clofle  to  right  bank  of  the  Tecsta. 
Ditto. 


33  miles  to  east,  Kaunia  on  the  Teesta  is  lll'-22. 


1  mile  from  Ganges:  112  miles  below  (south-east  of) 
the  Sahebganj  bend. 


'  These  elevations  and  many  others  throughout  this  paper  are  taken  from  the  perfectly  accu- 
rate measurements  recorded  on  the  maps  of  the  Surrey  of  India ;  but  there  is  often  some  doubt 
whether  the  height  recorded  may  not  be  the  top  of  a  house  or  other  point  of  trigonometrical 
observation. 
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31.  The  western  «y0^«m.— The  westom  riyer-STstem  is  much  more  simple :  all 
tbe  fire  riyers  of  the  Punjab  (the  SuUej»  Be&i,  B&vi,  Chin&b,  and  Jhelom),  and 
their  great  eonfinent,  the  Indns,  follow  a  more  or  less  direct  course  from  the  hiUs 
to  the  sea.  The  Sntlej  is  the  chief  exception  to  this  rule :  from  Bapar,  where  it 
leaves  the  Siwaliks,  at  an  elevation  of  875  feet»  it  flows  westwards  for  about 
100  miles  to  its  junction  with  the  Be^,  near  Sobraon.  At  Ferozepore,  30  miles 
below  this  junction,  the  plains'  level  is  645  feet :  at  Bahdwalpur,  212  miles  lower 
down  and  70  miles  above  the  confluence  with  the  Indus,  the  elevation  is  375  feet. 

32.  The  *  Divide.^ — The  ground  between  these  two  river-sjstems  is  in  respect 
of  its  drainage  the  most  peculiar  portion  of  the  Indo-Ghuigetic  plains.     It  cannot 
be  called  a  watershed,  for  no  rivulet  from  it  runs  into  either  the  Jumna  or  t^e 
Sutlej ;  and,  except  along  the  yery  base  of  the  hills  where  alluvial  accumula. 
tions  have  raised  the  surface  considerablj  above  the  level  of  the  great  rivers  at 
their  gorges, '   the  highest  ground  on  anj  longitudinal  section  of  the  plains  is 
fonnd  at  the  old  alluvial  banks  of  the  Jumna.     Thus,  on  the  section  at  about  20 
miles  from  the  base  of  the  hills,  passing  through  Ambila  and  Sah^ranpur,  the 
levels  on  the  old  Jumna  banks  are  928  feet  and  924  feet,  that  of  the  intervening 
valley  being  876 ;  at  the  banks  of  the  M&rkanda  (the  nearest  minor  river  to  the 
west)  the  level  is  913  feet,  falling  off  to  905  at  Ambdla  and  871  about  Sirhind ; 
at  the  Hindan  (the  first  stream  east  of  the  Jumna)  the  level  is  910  feet^  falling 
off  to  900  feet  at  Sahdranpur  and  884  at  Burki  (Boorkee) .   The  level  of  the  Sutlej 
at  Ludhiina  is  about  the  same  as  that  of  the  Jumna  at  Kamdl,  the  latter  being 
twice  as  far  from  the  hills.     This  area  between  the   Jumna  and  the  Sutlej 
has,  in  fact,  the  same  configuration  as  any  other  parallel  segment   of    the 
plains.    It  is  75  miles  wide  between  the  gorges,  but  owing  to  the  divergent 
directions  of  these  two  rivers  it  nq)idly  widens  ;  on  a  parallel  line  through  Delhi 
the  Jnmna  and  Sutlej  are  230  miles  apart.     Two  considerable 'streams,  the  Mdr- 
kanda  and  the  Ghaggar,  and  many  minor  ones,  leave  the  hills  within  this  area, 
and  flow  straight  away  seawards,  but  they  are  nearly  expended  by  soakage  and 
evaporation  before  reaching  the  south  boundary  of  the  province,  and  entirely 
disappear  in  the  deserts  of  Bickanir.    It  is  easy,  however,  to  indicate  roughly  the 
natural  line  of  drainage  in  this  country,  altiiough  the  levels  there,  as  systemati- 
cally determined  by   water  action,  are  being  more  and  more  obscured  by  the 
ever-encroaching  aerial  deposits  from  the  south-west.     A  line  or  band  of  mini- 
mum elevation  is  determined  where  the  alluvial  spill  from  the  Arvali  axis  meets 
that  from  the  Himalaya.     The  700  feet  contour  at  Delhi  can  be  followed  to  the 
west-by-north  a  little  south  of  Bohtak  and  of  Hissdr,  the  sorface  rising  from  it 
both  to  north  and  south.     Between  Hissar  and  Sirsa  it  bifurcates,  going  north- 
north-west  along  the  Himalayan  spill  to  south  of  Lahore  (709  feet),  and  curving 
to  the  south-west  along  the  Arvali  spill  to  the  west  of  Bickanir  (715  feet). 

33.  Recent  enwtor».-^The  whole  of  these  Indo-Gtmgetic  plains  are  then  of 
very  recent  alluvial  formation.  But  here  too  we  find  the  same  feature  as  already 
notioed  in  the  case  of  the  midland  alluvial  areas :  the  greater  part  of  the  plains, 
and  most  markedly  in  the  marginal  zone,  the  land  is  not  now  subject  to  inunda* 

>  At  the  Mohan  Pass,  midway  between  the  Jnmna  and  the  Ganges,  the  top  of  the  diluviul 
slope  ho  an  elevation  of  1»400  feet. 
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iioir  from  the  great  rivers  ;  these  have  cut  out  for  themselves  permanent  valleys, 
of  varying  width,  in  their  former  deposits,  which  are  generally  exposed  in  low 
vertical  cliffs  forming  the  limits  of  the  present  inundation  valley.  The  native 
names  for  these  two  kinds  of  land  have  become  cnrrent  in  the  Anglo- Indian 
vernacular :  Jchddar  for  the  inundation  valley ;  and  bhdngar  for  the  upland. 
The  word  dodb  (two  waters)  for  the  area  between  a  pair  of  confluent  rivers  is 
also  a  familiar  term  in  India ;  it  is  in  a  manner  the  converse  of  the  word  delta. 
Various  explanations  of  this  altered  condition  of  the  plains  may  be  attempted 
by  means  of  earth  movements;  and  such  causes  have  presumably  operated 
locally  within  the  period  in  question ;  but  I  am  inclined  to  account  for  the  feature, 
as  in  the  case  of  the  Narbada  Valley  (para.  14),  by  the  general  deforesting  of 
the  country  that  has  been  steadily  in  progress  since  prehistoric  times,  and  the 
great  disturbance  thereby  effected  in  the  regulation  of  atmospheric  waters. 
The  equable  universality  of  the  fact  is  greatly  in  favour  of  such  an  explanation. 
The  obvious  effect  of  this  superficial  condition  in  lowering  the  head  of  water 
available  for  artesian  springs  has  been  already  mentioned  (para.  19),  although 
the  direct  action  of  the  prime  cause  in  lowering  the  spring  level  in  the  plains 
seems  to  have  outdone  this  secondary  effect,  as  will  be  pointed  out  in  the  case  of 
the  Jumna. 

34.  The  water-head  zone,  eastern  area, — With  the  partial  exception  mentioned 
in  the  last  paragraph  the  configuration  and,  as  far  as  can  be  seen,  the  construction 
of  those  great  plains  are  as  favourable  as  any  original  basin  could  be  for  the 
success  of  artesian  borings.  Leaving  out  of  count,  as  we  may  for  the  present^  the 
comparatively  insignificant  areas  of  the  southern  tributaries,  we  have  a  great 
inclined  plain  with  a  gradually  increasing  slope,  up  to  as  much  as  50  feet  in  a 
mile,  next  the  mountains.  This  highest  and  steepest  zone,  for  a  width  of  10  to 
12  miles,  is  formed  of  boulders,  gravel,  and  sand  of  various  degrees  of  coarseness, 
and  may  be  appropriately  described  as  diluvial  as  distinguished  from  the  alluvium 
of  more  tranquil  deposition.  It  is  locally  called  the  hhabar^  or  forest  belt; 
it  is  naturally  very  pervious  to  water,  so  much  so  that  minor  streams,  unless 
when  in  flood,  are  wholly  absorbed  in  it.  Outside  this  zone,  where  the  coarser 
deposits  end,  and  the  slope  is  reduced  to  about  12  feet  in  the  mile,  there  is  a 
copious  outflow  of  springs  producing  a  second  zone,  of  specially  swampy  ground 
with  corresponding  vegetation,  and  well  known  as  the  tarai ;  it  gradually  merges 
into  the  more  habitable  area.  It  used  to  be  supposed  that  the  tarai  occupied  an 
actual  depression,  until  simple  levelling  showed  it  to  have  the  very  considerable 
slope  of  12  feet  in  the  mile,  the  marshy  condition  being  fully  accounted  for  by  the 
continuous  supply  of  surface  water  from  the  hhdhar.  The  latest  popular  mis- 
representation of  this  phenomenon  describes^  the  bo  alder  deposits  of  the  hhdhar 
as  resting  in  an  actual  basin  of  impervious  clay,  from  the  outer  rim  of  which  the 
water  absorbed  on  the  upper  side  is  discharged  again  into  the  tarai.  Such  an 
arrangement^  would,  I  need  hardly  say,  put  an  end  to  speculation  as  to  artesian 
wells  in  the  plains.  It  is,  however,  presumable  that  this  highest  zone  of  the 
plains  deposits  is  almost  exclusively  formed  to  its  very  base  of  like  coarser 

»  The  Tarai  District:  E.  T.  Atkinson.     Government  Press,  North- Western  Provinces,  1877. 
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materials ;  tliat  near  the  base  sacb  deposits  extend  to  a  mnch  greater  distance 
than  at  the  present  surface ;  and  that  they  are  there  in  continuous  connection  with 
similar  beds  underlying  the  plains  more  or  less  continuously  throughout.  No 
doubt,  as  the  formation  grew  in  thickness  the  coarse  beds  became  accumulated  at 
the  steeper  edge  of  deposition,  and  at  their  outer  limit  were  freely  interbedded 
with  the  finer  deposits,  so  that  at  any  point  a  bed  of  clay  may  be  found  passing 
under  the  upper  beds  of  the  hhdba/r  grayels  ;  but  there  can  scarcely  be  a  doubt 
that  on  the  whole  the  distribution  is  as  I  have  described  it.  From  this  point  of 
riew  the  tarai  springs  become  simply  the  overflow  from  the  folly  charged  lower 
water-bearing  strata  throughout  the  formation ;  and  this  level  may  be  taken  as 
the  minimum  '*  head "  from  which  an  artesian  spring  may  be  expected  at  any 
point  in  the  plains. 

35.  Different  condition  of  western  area.^— Unfortunately  this  gauge  is  not  avail- 
able where  it  is  most  wanted :  the  tarai  does  not  occur  to  the  west  of  the  Ghmges^ 
This  is  suf&ciently  explained  by  comparing  the  cross- sections  of  the  two  surfaces, 
as  given  in  the  following  table,  showing  in  I,  a  section  for  12  miles  across  the 
tarai  in  Bohilkhand  on  the  Bareilly-Naini  Tal  road,  and  II,  a  section  in  the  same 
position  on  the  Sahiranpur-Mussoorie  road,  the  lowest  figure  in  No.  I  being  at 
the  outer  edge  of  the  tarai  and  ending  at  12  miles  from  Haldw&ni  at  the  foot  of 
the  hills  ;  in  No.  II  the  highest  level  begins  at  12  miles  from  the  foot  of  the  Siwd- 
liks  at  Mohan  :  both  are  taken  from  the  level-charts  of  the  Survey  of  India : — 


X. 

11. 

791 

979-65 

The  exceptional  cases  showing  a 

763 

—28 

974-79 

—4-86 

rise  are  probably  on  bridges,  or 

746 

-17 

965- 

—9-79 

other  artificial  surface. 

724 

—22 

947-27 

—17-73 

712 

—12 

940-62 

—6-65 

701 

—11 

935-13 

-5-49 

680 

—21 

928-30 

—6-83 

682 

+2 

927-68 

—0-62 

678 

—4 

920-77 

—6-91 

• 

677 

—1 

916-79 

-3-98 

662 

—15 

905- 

-11-79 

658 

—4 

91207 

+7-07 

661-87 

—613 

•905- 

—707 

The  total  fall  on  the  tarai  section  is  139*13  feet  and  on  the  parallel  section  to 
the  west  only  79*65.  This  great  contrast  of  surface  conditions  seems  to  be  fully 
accounted  for  by  the  relative  eflBciency  of  the  agents  of  denudation  in  the  two 
regions.  In  the  eastern  river-system  there  is  actually  and  relatively  far  more 
water  power  at  work,  and  this  difference  is  increased  by  the  relatively  greater 
amount  of  work  put  upon  the  water  in  the  western  area.  Not  only  is  the  ground 
there  much  less  protected  by  vegetation,  but  the  soft  newer  tertiary  rocks  are 
greatly  more  developed,  so  that  the  amount  of  debris  delivered  for  transport  for 
equal  areas  is  much  greater.  The  effect  seems  imperceptible  in  the  open  plains  : 
for  example,  the  level  (408  feet)  at  Multdn,  about  300  miles  distant  from  Mad- 
hopur:at  the  gorge  of  the  lULvi^  (the  central  one  of  the  five  Punjab  rivers)  is  the 

1  Hie  flood  level  at  Madhopor  is  1,146  feet,  that  of  the  old  gravel  bank  being  1,197  foot 
(infonnation  kindly  supplied  by  Mr.  H.  Garbctt,  Superintending  Engineer). 
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same  as  that  at  an  equal  distance,  half-way  between  Gawnpore  and  Fnttehpnr, 
below  Hardwdr,  at  the  gorge  of  the  Ganges.  It  is  natnrally  near  the  hills  that  the 
effect  is  seen,  where  the  snrplns  burden  is  left  behind,  to  be  affected  only  by  the 
feeble  action  of  a  moderate  rainfall  and  the  irregular  action  of  the  wind.  For  an 
excellent  description  of  the  conditions  under  notice  reference  may  be  made  to 
Mr.  B.  H.  Baden-Powell's  account  of  the  ehoa^  or  sandy-bedded  torrents,  from 
the  Siwaliks  in  the  Hoshi4rpur  district,^  Under  such  drcumstanoes  a  tarai  is, 
of  course,  out  of  the  question. 

36.  The  water-head  level  in  wetstem  area, — The  distribution  of  the  underground 
water  in  these  north-western  plains  is  a  very  obscure  question,  and  a  most  im- 
portant  one  in  the  present  inquiry.     The  few  facts  I  can  quote  relating  to  it 
indicate  how  variable  it  is,  at  least  within  the  range  of  ordinary  observation.    In 
1878  I  noticed  a  well  that  was  being  sunk  at  the  very  head  of  the  boulder  sone, 
close  to  the  foot  of  the  Siwaliks,  near  the  Kotri  ran  (torrent),  8  miles  west 
of  Mohan,  about  midway  between  the  Junma  and  the  Ganges.     A  consider- 
able depth  had  already  been  attained,  altogether  in  coarse  boulder  g^vel ;  and 
I  have  been  informed  of  the  progress  up  to  date  through  the  kindness  of 
Captain  Baily,  B.E.,  Conservator  of  Forests.     On  the  11th  December  last  the 
totol  depth  was  197  feet  9  inches  with  1  foot  9  inches  of  water ;  by  the  5th  of  March 
the  water  had  increased  to  2  feet  8  inches,  but  fell  again  rapidly,  and  by  the  12th  of 
May  the  well  was  nearly  dry.    There  remained  another  full  month  of  the  driest 
and  hottest  weather,  but  it  would  seem  that  the  depth  of  200  feet  n:iay  be  taken  2a 
pretty  nearly  the  permanent  water  level  at  this  point.  The  elevation  of  the  surface 
can  be  little  less  that  at  Mohan  (1,400  feet),  which  is  about  the  greatest  eleva^ 
tion  of  the  recent  deposits  along  the  whole  Himalayan  border.    According  to 
preceding  considerations,  this  level  of  1,200  feet  would  be  a  maximum  limit  of 
the  '  head '  from  which  the  underground  distribution  is  regulated.     We  have 
not  far  to  go  for  a  qualifying  observation.     An  account  is  given*  by  Lieutenant 
W.  E.  Baker  (Engineers)  of  the  sinking  of  a  well  on  the  right  bank  of  the 
Jumna  at  B&yanwila,  near  the  base  of  the  Siwaliks.     It  is  3  miles  below  Hdtni- 
kdnd,  where  the  deposits  terminate  within  the  open  gorge  of  the  river,  but  the 
elevation  is  still  1,052  feet.     The  surface  is  less  than  10  feet  over  the  water  in  the 
river,  and  only  60  yards  from  the  edge,  but  the  well  was  sunk  through  boulders, 
gravel,  and  sand  for  60  feet  vKthout  finding  water.     Lieutenant  Baker  mentions 
the  fact  as  an  anomalous  instance  of  the  impermeability  of  the   coarse  river 
deposits  at  this  spot,  contrasting  it  with  what  takes  place  in  the  similar  deposits 
of  the  bh&bar  east  of  the  Gkinges,  as  already  noticed.     This  is  of  course  an  erro- 
neous impression :  there  is  a  deep  and  rapid  current  in  the  Jumna  at  R&yanwala, 
and  the  traction  of  the  stream  does  not  give  any  particle  of  the  water  time  to 
change  its  course  and  sink  into  the  ground.     The  case  is  very  different  for  small 
streams  spreading  out  over  the  surfaoe.   Another  well  was  sunk  through  the  very 
same  deposit-s  atChfindpur,  only  400  yards  from  the  bank  at  lUyanw&la,  the 
surface  being  14  feet  over  the  water  in  the  river.     In  this  well  a  permanent  water 
level  was  found  at  a  depth  of  80  feet,  66  feet  below  the  water  in  the  river,  or  at 

^  Selections  from  the  Reoords  of  the  Government  of  the  Punjab.    New  seriev.  No.  XV,  1879. 
'  Jour.^  As.  Soc.,  BcDgHl,  Vol.  Yl  (1837),  p.  54. 
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a  reduced  level  of  about  972  feet.  These  observations  are  very  interesting,  as 
showing  that  the  river  vallejs  have  no  present  effect  (at  least  in  the  bhfibar 
xone)  iiL  draining  the  deep  ground-water  from  the  adjoining  uplands,  their 
natnnJ  action  in  this  way  being  outdone  by  the  drain  towards  the  plains.  We 
nay  then  perhaps  take  this  Ohdndpur  well  as  giving  a  lowest  limit  (972  feet)  for 
the  head  of  water  from  which  the  deep  lying  strata  to  the  south  may  draw  their 
snpply.  It  is  presumable  that  in  parallel  sections  away  from  the  river  this  level 
would  not  be  so  low,  the  great  facility  of  drainage  in  the  khiklar  of  the  river 
taking  greatest  effect  on  the  ground  immediately  to  the  north. 

37.  Ground  water  distribution  away  from  the  At'Z2«.— A  seemingly  analbgous  case 
to  that  of  the  Gh^ndpur  well,  but  where  it  might  be  less  expected — ^in  the  lowest 
ground  in  the  plains'  section — ^has  been  brought  to  my  notice  by  Captain  J. 
G.  Ross,  K£.,  from  observations  made  during  the  construction  of  an  '  escape ' 
into  the  Jumna  from  the  southern  branch  of  the  great  Granges  canal  above 
Etawah,  250  miles  to  south-south-east  of  Chdndpur.  The  banks  of  the  river 
here  present  a  most  intricate  maze  of  deep  narrow  ravines  worn  by  the  rain  wash 
in  the  edge  of  the  bh&ngar,  the  level  of  which,  at  a  short  distance  from  the  river, 
is  517  feet.  The  levels  of  the  sur&ce  and  of  the  ground- water  given  in  the  fol- 
lowing table  are  taken  among  these  ravines.  The  flood  level  of  the  Jumna  here 
is  about  410  feet  and  its  lowest  level  about  391  feet. 


Water  levels. 

Level  of  ^i>nnd. 

Intenralg. 

IMsUnoe. 

* 

Feet.- 

Feet. 

Jomoa  river : 

...    1 

894-64 

•  •  • 

... 

0 

2 

894-21 

... 

S17 

817 

3 

89^43 

... 

•  500 

817 

4 

89411 

... 

500 

1,817 

6 

893  74 

■  a  . 

500 

1.817 

6 

891-63 

... 

600 

2.317 

7 

885-45 

410t)5 

600 

2,817 

8 

894-31 

41686 

2,548 

5,365 

9 

404-48 

430*82 

2,073 

7,48» 

10 

422-66 

440-49 

1^78 

9,016 

In  No.  7  of  this  table  we  find,  at  a  distance  of  about  940  yards  from  the  river,  a 
position  of  lowest  water  level,  more  than  9  feet  Ipwer  than  the  water  in  the  river^ 
and  25  feet  from  the  surface.  The  steady  rise  of  the  water  level  from  this  line 
towards  the  river  shows  that  this  is  distinctly  a  source  of  percolation  ^  and  the 
more  rapid  rise  towards  the  upland  to  the  north  indicates  the  much  higher  level 
of  the  ground- water  in  that  area,  where,  in  fact,  the  permanent  water-supply  in 
deep  wells  is  about  70  feet  from  the  surface,  or  at  a  reduced  level  of  447  feet.  The 
fall  of  the  ground-water  in  uplands  towards  deep  river  channels  is  a  familiar 
hat;  it  is  the  natural  operation  of  the  conditions  upon  which  all  dminage 
works  are  based.  There  is  an  excellent  illustration  of  this  in  a  paper  by  Lieute- 
nant W.  E.  Baker  (Engineers),  on  an  oblique  section  of  the  plains  between 
Kamil  on  the  Jumna  and  Ludhiana  on  the  Sutlej.^     The  figured  section  showa 


>  Jour.,  Ab.  Soc,  Bengal,  Vol.  IX  (1840),  p.  688. 
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the  depths  of  the  wells  along  the  line,  and  how  markedly  that  depth  increases 
as  the  rivers  are  approached.  The  general  understanding  of  this  feature  is  that 
below  that  deep-well  water  level  the  whole  ground  is  permanently  stocked  with 
water  in  the  permeable  strata.  If  this  were  the  case  the  main  rivers  shoidd  give 
a  minimum  water  level  for  the  whole  area :  and  the  izd  brought  to  notice  by 
Captain  Ross  must  then  represent  an  actual  removal  of  water  at  the  surface,  for 
which  the  only  assignable  cause  would  be  evaporation.  I  am  not  prepared  to 
say  that  this  is  impossible ;  I  have  elsewhere^  made  large  demands  upon  the 
climatal  conditions  of  this  part  of  India,  and  these  conditions  must  be  ooncen- 
titLted  among  the  steep  bare  surfaces  of  clay  and  sand  in  the  ravines  of  the 
Jumna;  percolation  is,  moreover,  a  slow  process  in  such  fine  deposits.  The 
alternative  inference  would  be  that  below  the  river-bed,  and  practically  isolated 
from  the  water  stratum  that  supplies  the  deep  wells  of  the  bh^ngar  area*  there 
must  be  a  mass  of  ground  greatly  below  saturation  point,  or  in  which  there  is  a 
steady  flow  to  some  point  of  drainage  sufficient  to  establish  a  percolation  slope 
from  the  Jumna  of  nearly  18  feet  in  the  mile.  The  line  of  lowest  ground- water 
(No.  7  of  the  table)  would  be  where  this  plane  of  under-ground  drainage  inter- 
sected that  of  the  upland  water-table.  So  far  within  the  basin  of  the  eastern 
river-system  there  is  some  difficulty  in  imagining  the  supposition  last  suggested ; 
for  it  is  surely  presumable  that  for  a  very  long  way  above  the  deltaic  region  the 
ground  beneath  the  Gangetic  plains  must  be  fully  charged  with  water.  These 
remarks  can,  however,  scarcely  affect  the  question  of  deep  artesian  springs,  un- 
less as  showing  that  the  source  of  such  springs  must  be  out  off  from  the  waterless 
ground  referred  to. 

38.  Desiccated  ground  south  of  the  Punjab  plains :  Bickanir  taeZZ^.— -In  the  basin 
of  the  western  river-system  there  would  be  no  need  for  hesitation  in  assuming 
the  deep  exhaustion  of  water  from  the  surface.  The  following  translation  of  a 
native  description  of  the  wells  in  Bickanir  will  give  a  good  idea  of  the  desiccated 
ground  lying  to  the  south  of  the  plains  of  the  Punjab.  The  area  is  almost  all 
within  the  alluvial  spill  from  the  Arvali,  but  the  deposits  are  quite  continuous 
with  those  of  the  spill  from  the  north ;  the  change  from  one  to  the  other  can  only 
be  detected  by  a  levelling  instrument.  The  account  was  sent  to  me  by  Colonel 
C.  A.  McMahon  in  1874  :  it  is  as  follows  : — 

"  Within  the  city  of  Bickanir  there  are  14  wells,  the  water  of  eight  of  which  is  swtet,  and 
of  six  brackish.  Outside  the  city  there  are  24  wells,  the  water  of  two  of  which  is  slightly 
brackish,  and  of  the  remaining  22  sweet.  In  the  Fort  there  are  four  wells,  all  of  which  yield 
sweet  water.  There  are,  therefore,  in  all  42  wells.  Each  of  the  wells  inside  the  city  is  60 
purs  or  300  hath  (cubits)  deep.  The  wells  outside  the  city  and  in  the  Fort  are  50  purs  or 
250  cubits  deep.  When  a  well  is  dug  various  kinds  of  earth  are  found.  First  gravellyi 
which  is  called  "  maraud  **  in  this  country,  to  a  depth  of  5  or  6  cubits ;  next,  seeah  matii 
(black  earth),  varying  from  15  to  20  cubits  in  depth ;  next,  sqfaid  matti  (calcareous  chalky 
or  white  earth),  from  80  to  100  cubits  deep;  next, panjrangi  matti  (five-colonred  earth),  to 
a  depth  of  40  to  50  cubits ;  after  that  comes  peelee  matti  (yellow  earth),  70  or  80  cubits 
deep ;  next,  sangreza  matti  amez  (  gravel  mixed  with  earth  )  to  a  depth  of  30  to  40  cubits; 
and  lastly,  a  kind  of  soft  rock,  zamin  doz  pathar,  5  or  6  cubits  deep,  is  reached,  after  which 
a  spring  is  arrived  at.    The  cost  of  sinking  a  well  is  from  Rs.  30,000  to  Rs.  40,000,    Most 

1  On  the  Meh  soils  of  Upper  India,  para.  4;  Records,  G.  S.  I.  (1880),  Vol.  XlII,  part  4. 
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of  the  wells  have  two  drawing  wlieels;  some  have  four;  and  one,  known  as  "  Alak  Sagar/' 
has  eight  drawing  wheels.  This  last  cost  about  a  lac  of  rupees,  and  its  water  is  that  geoer- 
allj  used  hj  the  city  people,  who  obtain  the  same  by  paying  to  the  mdUes  who  draw  the 
well  at  the  following  rates :  for  1  small  pice  a  meUka  (or  large  earthen  jar),  1  rupee  for  12 
bollock  pakhal^  or  5  camel  pakhalfuls.  The  wells  are  all  worked  day  and  night,  and  not- 
withstanding this  the  water  is  inexhaustible.  In  the  villages  between  Bickauir  and  Sojaa- 
garh  (75  miles  to  east-south-east),  as  well  as  in  those  between  Bickauir  and  Nagour  (62 
miles  to  south-south-east),  and  between  Bickanir  and  Jaisalmir  (160  miles  to  west-south- 
eut)  wells  are  SO  purs  or  400  cubits  deep:  and  between  Auupgarh  (80  miles  to  north)  and 
Bickauir  they  are  200  cubits  in  depth." 

At  the  same  time  as  this  document  a  specimen  was  sent  from  the  Political 
Agent  at  Bickanir ;  it  had  been  taken  from  the  bottom  of  a  well  that  had  recently 
been  smik  to  a  depth  of  370  haths,  and  Colonel  McMahon  states  that  he  was 
informed  that  the  Bickanir  hath  is  equal  to  about  21  inches.  At  this  scale  the 
well  in  question  would  be  647  feet  deep;  but  even  taking  the  cubit  to  be  18 
inches  the  depth  would  be  555  feet.  It  was  quite  indeterminable  whether  the 
"soft  rock"  from  the  bottom  was  a  decomposed  sandstone  or  a  partially  con- 
solidated bed  of  the  alluvial  deposits.  There  is,  indeed,  no  reliable  information 
regarding  the  geology  of  Bickanir.  In  the  recently  (1879)  published  official 
Bdjput&na  Gazetteer  (Vol.  I,  p.  182),  it  is  stated  that  "  the  city  of  Bickanir  is 
built  upon  a  rock  formation,"  and  that  "  it  is  considerably  higher  than  the  sur- 
rounding heavy  sand  tract  and  is  composed  of  sandstone."  On  the  large  scale 
map  of  the  city  of  Bickanir,  lately  issued  by  the  Survey  of  India,  there  is  clear 
indication  of  low  flat  hilly  ground  immediately  to  the  south  of  the  city ;  it  is 
not  improbably  a  small  outlier  (or  inHer,  if  we  regard  the  alluvium  as  a  formation) 
of  the  horizontal  Vindhyan  rocks.  There  are  numerous  heights  marked  on  this 
map ;  the  highest  is  799  feet  in  this  ground,  and  the  lowest  is  715  to  the  north- 
east of  the  city.  I  caTinot,  however,  think  that  any  of  the  city  wells,  as 
described  in  the  foregoing  note,  are  in  the  old  rock.  As  regards  the  point  now 
under  consideration,  the  question  is  not  of  importance,  as  in  either  case  the 
source  of  water  would  be  the  same. 

39.  Underground  features  of  the  great  plains. — It  is  necessary  to  say  something 
regarding  the  underground  conditions  of  the  basin.  In  enquiries  for  artesian 
water  the  usual  first  question  is  as  to  the  depth,  and  because  in  many  cases  this 
can  be  answered  with  considerable  accuracy,  a  vague  answer  is  received  as  a 
mark  of  imbecility.  I  have  explained  in  paragraph  6  how  this  is  the  essential 
difference  between  the  two  classes  of  artesian  sources ;  and  a  good  illustration 
of  this  practical  difficulty,  supported  by  trial  borings,  was  given  in  the  case  of 
the  Narbada  Valley  (paragraphs  16,  17,  18).  In  the  case  of  the  Indo-Gangetio 
plains  this  question  ma^  be  said  to  present  the  leading  puzzle  in  Indian  geology 
— ^to  give  an  account  of  the  relations  between  the  highly  contrasting  rock-features 
of  peninsular  and  extra-peninsular  India,  all  direct  observation  of  the  connect- 
ing structural  features  being  concealed  by  the  alluvial  deposits  of  the  interven- 
ing plains.  A  few  statements  will  show  how  the  matter  stands.  All  the  rocks  in 
contact  with  the  alluvium  on  the  south  are  of  immense  antiquity,  the  small  patch 

^  A  pakhal  is  a  pair  of  large  leather  bags  or  packs  for  water- carrying  laden  on  animals. 
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of  the  Qondwdna  formatioii  at  the  extreme  east  in  the  B^jmah&I  hills  being  the 
newest,  and  it  is  of  middle  secondary  age :  whereas,  on  the  north  of  the  plains, 
there  is  a  prodigions  thickness  of  newest  tertiary  deposits.  Again,  on  the  south 
none  bnt  the  oldest  rocks  of  all,  the  transition  and  metamorphic,  have  undergone 
more  than  local  disturbance,  while  on  the  north  the  newest  strata  exhibit 
extreme  disturbance  throughout.  The  question  as  to  the  possible  configuration 
of  the  rock  surface  on  which  the  alluvium  lies  turns  largely  upon  the  parts 
severally  and  successively  played  by  denudation  and  by  disturbance  in  forming 
that  surface ;  and  in  this  case  there  can  be  no  doubt  as  to  the  very  strong  and  late 
action  of  crust  movements  on  one  side  of  the  area.  From  the  absence  in  the 
peninsular  area  of  any  trace  of  that  disturbance,  or  of  the  rocks  upon  which 
it  operated,  it  seems  probable  that  the  conditions  of  that  area  extend  for  a  con- 
siderable distance  northwards;  and  that  the  plains,  on  the  south  are  under- 
laid, possibly  at  no  very  great  depth,  by  gneissic  rocks :  there  are  inliers  of 
gneiss  and  granite  appearing  through  the  alluvium  to  the  north  of  the  transition 
rocks  in  Bahdr;  and  the  structure  of  the  Yindhyan  basin  suggests  that  its 
present  northern  scarp,  overlooking  the  alluvium  between  the  Jumna  and  the 
Sone,  is  not  far  from  its  original  boundary  in  this  direction,  and  that  there  also 
the  gneiss  is  close  by.  This  inference  has  to  be  qualified  by  another.  The  great 
antiquity  of  the  southern  area  does  not  refer  only  to  the  age  of  the  rocks  found 
there,  as  already  mentioned,  but  also  to  the  actual  configuration  of  that  area.  In 
the  discussion  of  the  Narbada  Valley  case  (paragraph  17),  it  was  shown  that  the 
gneissic  area  of  Lower  Bundelkhand  was  very  much  what  it  is  now  in  the  Deccan 
trap  period  (upper  cretaceous),  a  bay  of  a  great  basin  to  the  north.  Again,  far 
to  the  east,  in  the  actual  river  valleys  draining  to  the  north  from  the  gneissic 
upland  of  Haz4rib&gh,  remnantfi  of  Talchir  (lowest  Gk)ndwdna)  deposits  occur 
at  the  level  of  the  Gtmges  alluvium.  It  is  thus  pretty  clear  that  a  great  drain- 
age basin  in  the  approximate  position  of  the  Gunges  Valley  has  existed  since  at 
least  pretertiary  times ;  and  it  is  highly  probable  that  the  tertiary  deposits  so 
enormously  developed  at  the  base  of  the  Himalaya  extended  over  a  great  part 
of  that  basin ;  they  may  only  be  overlapped  by  the  present  alluvium  at  a  short 
distance  from  its  south  margin.  In  an  artesian  boring  the  passage  from  the 
alluvium  into  upper  tertiary  beds,  such  as  are  now  exposed  along  the  foot  of  the 
mountains,  could  scarcely  be  detected,  the  two  are  so  much  alike.  On  the  question 
as  to  how  and  how  &r  the  great  Himalayan  disturbance  took  effect  upon  this  basin 
of  tertiary  deposits,  there  is  little  or  no  evidence  available  beyond  the  zone  of 
the  sub-Himalayan  rocks  themselves,  and  to  take  up  the  discussion  would  lead 
us  into  geological  depths,  of  which  many  will,  no  doubt,  think  there  has  abready 
been  too  much  in  what  is  meant  to  be  a  practical  essay.  The  foregoing  indi- 
cations will  suffice  to  show  that,  however  interesting  such  discussions  may  be, 
they  are  practically  futile  when  we  come  to  such  particulars  as  estimating  the 
depth  of  the  upper  deposits  at  any  point.  Observation  has  done  its  duty  in 
pointing  out  that  the  main  conditions  for  successful  artesian  boring  are  to  all 
appearances  present. 

4fO.  The  Ambdla  hortng,^^!  may  now  make  some  remarks  upon  the  three  bor- 
iugs  that  have  been  made  in  search  for  water  in  the  upper  regions  of  the  plains. 
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be^iiming  with  the  most  important,  that  at  AmMla.  The  folio  sving  section  is 
somewhat  abridged  from  the  detailed  record,  some  of  the  thinner  alternations 
being  grouped  into  a  single  band : — 


Depth. 

ThlekntM. 

No. 

Section  of  artMian  boriug  at  Ambala  (Itt  NoTember  1889  to  iBt  Febraarj  1872). 

• 

re€t. 

F6«t. 

4 

4 

1 

Sou. 

12 

8 

2 

Sand  and  sandy  clay. 

27 

15 

3 

Clay,  stiff,  with  kankar  at  base. 

41 

14 

4 

Sand,  fine ;  damp  at  27  feet,  water  at  32  feet. 

50 

9 

6 

Clay,  brown  and  bine. 

87 

87 

6 

Sand  and  clay  alternating. 

122 

35 

7 

Clay,  brown,  very  stiff. 

124 

2 

8 

Kankar  (impure  segregated  limestone). 

154 

30 

9 

Sand  and  clay,  with  kankar  at  151  feet. 

166 

12 

10 

Clay,  dark  red. 

174 

8 

11 

Sand  with  clay ;  tubes  sunk  4  feet  by  their  own  weight. 

181 

7 

12 

Clay,  with  kankar  at  ba«e. 

199 

18 

18 

Sand,  with  some  clay  and  kankar ;  on  reaching  this  bed  water  rose  sud- 
denly 40  feet,  and  iu  two  hours  70  feet ;  its  temperature  was  78°. 

2Q2 

3 

14 

Clay,  with  kankar. 

211 

9 

15 

Sand. 

223 

12 

16 

Clay,  red  and  brown,  with  some  sand  and  kankar. 

250 

27 

17 

Sand,  with  a  little  clay  and  kankar. 

278 

28 

18 

Clay,  top  very  stiff,  red,  with  '  shingle.' 

302 

24 

39 

Sand,  with  some  clay,  pebbles,  and  "  boulders." 

327 

25 

20 

Clay,  with  some  kai^ar. 

332 

5 

21 

Sand,  dark-brown  and  grey. 

335 

8 

22 

Clay,  stiff,  brown,  with  kankar. 

376 

41 

23 

Sand,  with  some  clay  and  kankar. 

394 

18 

24 

Clay,  with  some  sand. 

424 

80 

25 

Sand,  some  gravely  with  **  large  stones  and  boulders  and  black  kankar. " 

431 

1 

26 

Clay,  stiff,  red. 

432 

1 

27 

Sand  or  silt,  dark,  running. 

446 

14 

28 

Clay,  red,  very  sandy. 

448 

2 

29 

Sand  or  silt,  dark,  running. 

451 

8 

30 

Chiy,  red,  stiff. 

459 

8 

31 

Sand,  dark,  running,  with  kankar  and  '*  clay  boulders." 

463 

4 

32 

Clay,  stiff,  red,  with  kankar. 

467 

4 

83 

Sftnd,  fine,  running. 

477 

10 

84 

Chiy,  stiff,  red. 

484 

7 

35 

Sand,  running  sand. 

502 

18 

36 

Clay,  some  stiff,  some  sandy. 

507 

5 

37 

Sand,  running. 

516 

8 

38 

Clay,  stiff,  red. 

546 

31 

39 

Sand,  coarse. 

585 

89 

40 

Clay,  stiff,  some  sandy. 

601 

16 

41 

Sand,  blue,  fine,  with  "  boulders." 

641 

40 

42 

Clay,  red,  some  stiff,  some  loamy. 

644 

8 

43 

Clay,  black,  very  stiff. 

678 

84 

44 

CUy,  red,  some  stiff,  some  loamy ;   kankar. 

683 

6 

45 

Sand,  solid,  hardened  on  exposure. 

689 

6 

46 

Clay,  stiff,  yellow,  with  kankar. 

701 

12 

47 

Clay,  loamy,  yellow,  soft. 

Amb&la  is  only  20  miles  distant  from  tlie  nearest  point  of  the  Siwaliks,  and 
this  proximiiy  is  the  only  unfavourable  point  in  the  prospect  of  the  boring,  for 
being  thns  on  the  npper  and  steeper  slope  of  the  plains  there  is  risk  of  its  being 
above  the  line  of  artesian  rise,  which  itself  slopes  southwards  from  the  presumed 
bead  to  the  lower  edge  of  the  deposits.    Still  there  is  a  fair  margin  for  success. 
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The  level  of  the  Ghaggar,  where  it  cuts  the  base  of  the  Sewalik  hills  at  Deyi- 
nagar,  25  miles  due  north  of  Amb^la,  and  the  proposed  site  of  the  reservoir  for 
the  Axdbala  water-supply,  is  1,118  feet.  There  are  no  observations  as  to  what 
may  be  the  permanent  level  of  the  underground  water  in  this  position  ;  but  I  have 
pointed  oat  (paragraph  36)  what  is  presumably  a  lowest  limit  for  the  head-level 
in  that  ground,  namely,  the  water  level  (972  feet)  below  the  bed  of  the  Jumna  at 
the  point  where  it  leaves  the  hills ;  and  the  surface  level  at  Ambdla  is  905  feet. 
Even  if  the  rise  of  70  feet  that  did  occur  at  the  depth  of  200  feet  (see  table)  were 
derived  from  that  highest  source,  there  would  still  be  hope,  for  it  is  very 
possible,  or  even  probable,  that  an  absolutely  higher  rise  from  the  same  head 
should  be  derived  from  a  lower  stratum,  as  the  rise  is  more  inBuenced  by  the 
variations  of  potential  discharge  in  the  sevei^l  water  strata  than  by  the  head,  the 
head  itself  being  determined  by  the  total  resistances.  It  would  be  quite  in  the 
natural  order  for  case  6  to  occur  below  case  3  of  the  experiments  described 
in  par&  5.  There  is  nothing  whatever  in  the  above  section  of  the  boring 
to  suggest  that  the  band  No.  13  is  the  base  of  the  alluvial  deposits ;  the  beds 
below  that  level  are  decidedly  of  the  same  iype,  and  the  equal  frequency  of 
alternations  shows  that  the  stratification  is  still  undisturbed.  On  the  whole 
the  section  seems  promising  for  ultimate  success ;  the  great  thickness  of  clay 
lower  down,  in  which  the  bore  was  stopped,  gives  security  for  the  isolation 
of  any  water  stratum  in  ooarser  deposits  that  should  be  found  at  the  base 
of  the  formation.^  In  this  respect — the  prospect  of  finding  such  basal  deposits 
— the  position  of  Ambdla,  near  the  upper  margin  of  the  basin,  is  favourable. 
The  mention  of  '  boulders '  in  several  beds  is  misleading.  I  made  early  en- 
quiries about  it,  and  Major  Thackeray,  R.E.,  who  was  then  Executive  Engineer 
in  charge  of  the  final  operations  for  extracting  the  broken  tubes,  gave  the 
following  information  (30th  March  1874)  :  *'  I  cannot  trace  any  records  of 
larger  stones  being  found  than  the  one  I  send  you  (from  bed  25),  nor'  of 
any  boulders  having  been  smashed  up."  From  the  mention  of  ''  clay-boulders" 
in  some  places  I  fancy  that  all  were  of  that  nature,  lumps  of  clay  partially 
consolidated,  perhaps  by  lime  carbonate.  The  *  large  stone*  referred  to  is  an 
oblong  pebble  of  quartzite,  little  more  than  2  inches  long  and  about  2 
cubic  inches  in  volume ;  it  is  very  irregular  in  shape  and  but  partially  water, 
worn,  but  it  has  no  fresh  surface  of  fracture.  Mr.  T.  Login,  who  was  Super- 
intending Engineer  during  part  of  the  boring  operations,  states^  that  the 
largest  stone  met  with  measured  5x2^  inches.  In  the  same  paragraph  Mr. 
Login  records  the  fact  that  in  sinking  the  foundations  of  the  railway  bridge  over 
the  Jumna,  at  about  the  same  distance  from  the  hills  as  Ambala,  large  boulders 
were  found  at  a  depth  of  40  feet.  The  fact  is  taken  as  proof  that  the  river  is 
now  raising  its  bed,  but  there  is  no  evidence  to  show  that  these  boulders  do  not 
belong  to  a  much  more  ancieAt  Jumna  bed,  before  the  present  khiLdar  valley 
was  excavated  (the  view  is  one  that  Mr.  Login  did  not  contemplate) ;  but  in 
either  case  the  fact  shows  that  although  Ambala  may  be  out  of  range  of  any 

>  The  bottom  41  feet  were  bored  beyond  the  tubii\g,  which  broke  down  at  the  depth  of 

aeofeet 

»  Quar,  Jour.,  Geol.  Soc.,  London,  Vol.  XXVIII  (1872),  p.  196. 
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osciUationis  of  tbe  Jumna  bed,  it  is  within  reacb  of  coarse  detrital  deposition 
from  the  hills  ;  the  chief  wonder  is  that  none  were  f onnd  within  so  great  a  depth. 
In  commenting  npon  the  absence  of  any  sign  of  organic  remains  in  the  Amb&la 
bonng,  Mr.  Login  records  (I.  c,  p.  197,  note),  that  '*  onlj  on  one  occasion,  at 
about  440  feet  below  the  snrface,  were  a  few  pnmpfnls  of  blackish  putrid 
water  brought  up,  giving  off  very  much  the  same  odour  as  the  dirty  bilge-water 
of  a  ship. 

41.  Hie  Bhiwdni  boring, — In  1877  a  boring  was  made  to  a  depth  of  431  feet  at 
Bbiw^ni,  a  town  in  the  Hissar  district  of  the  Punjab,  the  water-supply  in  the  only 
weHa  (from  58  to  67  feet  deep),  being  brackish  and  liable  to  become  very  scarce 
in  dry  seasons.  The  expectation  was  not  so  much  to  find  an  artesian  spring  as  to 
fix  the  depth  at  which  pure  water  was  to  be  found,  such  as  was  known  to  occur 
in  the  deep  wells  at  Bickanir.  Bhiwani  lies  12  miles  to  the  south  of  the  road, 
at  more  than  half-way  between  Delhi  and  Hissdr,  and  also  south  of  the  700  feet 
contour,  pointed  out  in  a  preceding  para.  (32)  as  marking  the  lowest  level  between 
the  basins  of  the  Gtuiges  and  the  Indus.  It  thus  belongs  to  the  Arvali  watershed, 
and  rocks  of  that  region  are  not  far  off ;  Deosir  hill,  of  granitoid  gneiss,  stands 
at  3f  miles  to  west-south-west ;  Tosham,  of  schists  and  granite,  at  14  miles  to 
west-north-west;  Nigdna,  of  granite,  at  13  miles  to  west;  and  Kali&na  (near 
D£dri)  at  15^  miles  to  south-by-east,  formed  of  schists  and  quartzites,  of  which 
latter  the  well-known  '  flexible  sandstone '  is  an  altered  variety.^  The  elevation 
may  be  about  720  feet.  Almost  the  only  hope  of  an  artesian  source  in  such 
a  position,  and  the  best  hope  of  a  pure  water-supply  at  a  considerable  depth, 
would  be  from  an  extension  of  the  sources  from  the  Himalayan  side  of  the  plains ; 
in  the  Arvali  region  the  rainfedl  is  very  small,  and  the  plains  are  almost  univer- 
sally affected  by  accumulated  salts.  It  was  intended  to  sink  to  a  depth  of  ^00 
or  600  feet;,  but  the  tools  supplied  were  apparently  defective  and  unskilfully 
worked  by  inexperienced  hands,  so  the  project  had  to  be  abandoned  before  com- 
pletion. The  frequent  influx  of  sand  in  the  bore  seems  to  have  been  the  chief 
obstruction.  I  subjoin  an  abstract  of  the  section  in  the  boring  as  recorded  by 
the  sub-engineer  in  charge  :  it  illustrates  the  unsatisfactory  nature  of  such  re- 
cords when  made  by  those  who  have  no  rational  knowledge  of  rocks  : — 


Depth. 


Fe«i. 

86 
IDS 
114 
167 
185 
207 
234 

238 

287 
896 
413 
417 
131 


Tbicknew. 


7e«t. 

86 
19 
9 
58 
18 
22 
27 

4 

49 

109 

17 

4 


No. 


1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 


Section  of  the  borioir  at  Bhlwini :  1877. 


Light  brown  soil,  occnsional  kankar. 

Saud  and  occasional  kankar. 

Sand  with  a  little  gravel. 

Sand  and  a  little  kankar ;  no  regular  bed. 

Light  brown  clay  soil. 

Clean  sand. 

Sand  with  imperfect  pebbles  of  sandstone  :  at  231  a  large  boulder 

gotnp  (sandstone). 
Sand  and  conglomerate  shingle. 
Sand;  rising  50  and  60  feet  in  bore. 
Hard  clay,  light  brown,  with  small  pebbles  of  sandstone. 
Sand  rising  in  bore. 
Sandy  clay. 
Sand 


'  These  particulars  are  given  by  Colonel  McMahon, 
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The  water  at  the  bottom  was  still  brackish.  The  samples  described  in  this  sec* 
tion  were  carefully  examined  on  the  spot  bj  Colonel  MoMahon,  a  most  competent 
jndge,  who  recorded  the  following  obseryations : — "  The  *  clay '  is  simply  very  fine 
earthy  sand  cemented  into  a  mass  by  the  infiltration  of  carbonate  of  lime  :  the 
'  conglomerate '  is  coarser  sand,  the  grainsjof  which  are  frequently  distinctly  water- 
worn,  cemented  together  in  a  similar  manner,  with  harder  concretions  here  and 
there  ;  the  '  boulders '  are  lumps,  4  or  5  inches  long,  of  dark  earthy  sand,  conso- 
lidated into  concretionary  nodules  by  carbonate  of  lime,  and -sufficiently  hard  to 
require  a  smart  blow  from  a  hammer  to  break  them ;  they  were  apparently  formed 
in  sUu,  As  far  as  the  boring  has  gone  therefore,  it  has  passed  through  an  unbro- 
ken bed  of  uniform  material,  and  the  whole  bed  as  yet  penetrated  evidently  admits 
the  free  passage  of  the  rain  falling  on  the  surface  of  the  ground."^  The  ab- 
sence of  any  clay  deposit,  as  well  as  of  any  coarser  water-rolled  materials  in  such 
comparative  proximity  to  rock  masses,  throughout  so  great  a  thickness  of  depo- 
sits, is  remarkable,  and,  of  course,  very  unfavourable  for  any  project  of  deep  well 
sinking  in  this  region. 

42.  The  Sahzalkot  boring, — There  only  remains  to  be  noticed  the  boring  at 
Sabzalkot,  in  the  Dera  Grhdzi  Khdn  district  of  the  Punjab.  It  is  commonly  spoken 
of  as  artesian,  though  it  was  never  expected  to  be  more  than  partially  so,  as  a 
source  to  replenish  and  freshen  an  already  very  deep  well  in  which  the  water 
was  too  saline  for  use.  The  position  would  seem  to  preclude  any  other  expecta- 
tion. From  the  best  information  I  can  procure  as  to  the  ground,  the  place  is  a 
small  fortified  outpost  close  to  the  frontier,  at  the  foot  of  a  long  slope,  4  miles 
from  the  base  of  the  hills,  and  28  miles  from  the  Indus,  in  a  direct  line 
through  Asni.  The  alluvial  level  at  the  river  is  295  feet,  stretching  nearly  to  Asiii 
(10  miles),  where  the  height  is  only  302  feet ;  the  direct  distance  from  the  sea  is 
350  miles.  From  Asni  there  is  a  rise  of  nearly  5  feet  in  the  mile  to.  the  frontier 
road,  at  6  miles  to  westward,  where  the  elevation  is  331  feet.  From  this  road 
the  ground  is  said  to  slope  at  about  8  feet  in  the  mile  up  to  Subzalkot,  12  miles, 
which  would  give  an  elevation  of  427  feet  for  that  place.  I  think  it  likely  that  the 
slope  increases  very  much  towards  the  hills,  ant}  that  the  real  elevation  of  Sabzal- 
kot may  be  considerably  higher  than  the  estimate  just  given.  If  the  height  given 
be  correct,  we  have  to  account  for  the  remarkable  fact  of  the  gpx)und- water  level 
being  100  feet  lower  than  the  water  in  the  Indus,  for  in  the  well  at  Sabzalkot  it 
stands  permanently  at  about  224  feet  from  the  surface.  It  would  be  additional 
evidence  of  the  great  desiccation  the  ground  has  undergone  in  this  region  of  India, 
and  of  the  insignificant  effect  of  streams  in  mitigating  that  inevitable  result  of 
the  destruction  of  forest  vegetation,  although  the  Indus  here  annually  inundates  a 
broad  tract  of  ground.  The  contribution  from  the  western  hills  is  comparatively 
small,  for  the  rainfall  is  deficient  and  uncertain ;  but  every  advantage  is  taken 
of  it  by  the  coarse  marginal  deposits  forming  the  slopes  at  the  .base  of  tibe  hills. 
Mr.  Ball  has  described  in  this  very  neighbourhood  how  a  steady  current  of  water 
wholly  disappeared  at  the  outcrop  of  a  bed  of  conglomerate  in  these  deposits.* 
The  following  table  is  abridged  from  the    detailed    section  furnished  by  the 

'  From  Official  Correspondence,  dated  5th  March  1878. 
»  Records,  G.  S.  I.,  VoL  VU,  p.  147. 


PART  S.] 


MHDLicOTT :  Artesian  Borings  in  India. 


287 


partment  of  Public  Works.     There  were  194  feet  of  9|-inoli  tubing,  to  410  feet ; 
114  feet  of  7-inch  tubing,  to  524  feet;  and  50  feet  of  5-inch  tubing,  to  574  feet. 

Abstract  section  of  Sdbzalkot  boring :  Nov.  1870  to  Aug,  1878. 


nepth. 

ThickneM. 

No.  of  bed. 

Feet 

Feet 

157 

157 

lio    14 

Sand :  some  beds  earthy,  some  pebbly. 

174 

17 

16 

Limestone  boulders. 

189 

15 

16 

Clay  and  sand,  very  compact. 

189 

10 

17 

Loose  sand  and  pebbles. 

216 

17 

18 

Hard  clay  and  sand. 

240 

24 

19 

Brown  rnnning  sand.    Bottom  of  well  230  feet ;  water  level 
222  to  224  feet. 

247 

7 

20 

Very  stiff  clay. 

251 

4 

21 

Very  coarse  sand. 

267 

16 

22 

Sand  and  clay  intimately  mixed. 

275 

8 

28 

Fine  rnnning  sand. 

»47 

72 

24  to    85 

Alternations  of  sand  and  clay. 

861 

4 

86 

Grayel  with  boalders. 

406 

55 

37  to    64 

Alternations  of  clay,  sand,  and  grayel. 

410 

4 

55 

Very  coarse  gravel  and  boulders.     Water  abundant. 

600 

90 

66  to    78 

Alternations  of  clay  and  sand. 

526 

26 

79 

CUy. 

574 

48 

80  to  117 

Thin  alternations  of  day  and  sand  resting  on  a  boulder  bed, 

with  abundant  water. 

The  comparative  scarcity  of  coarse  materials  in  a  deep  section  so  near  tlie 
hills  is  fully  accounted  for  by  the  unconsolidated  condition  of  the  newer  tertiary 
rocks  forming  those  hills.  The  onlj  hard  rock  mentioned  is  the  limestone  of  the 
'boulders';  it  is  no  doubt  the  nummulitic  limestone  from  the  higher  inner 
ranges.  From  several  of  the  porous  strata  passed  through  water  rose  freely,  but 
always  stopped  at  the  original  water  surface  of  the  well.  The  supply  from  the 
bottom  boulder  bed,  at  574  feet,  is  described  as  '  plentiful  *;  at  the  same  time, 
when  drawn  upon  at  the  moderate  rate  of  156  gallons  per  hour,  it  was  lowered  66 
feet.  This  supply  is,  however,  sufficient  for  the  wants  of  the  outpost.  The  con- 
stancy of  the  level,  to  which  the 'water  rises  from  so  many  different  strata,  in- 
dicates  a  common  source,  which  also  accounts  for  the  water  in  all  being  brackish, 
only  less  so  below  than  in  the  top  beds,  and  in  a  drinkable  degree  to  the  people 
of  the  country  who  are  extensively  used  to  this  quality.  The  origin  of  this  im- 
purity is  a  point  of  much  interest ;  there  is  no  known  deposit  of  salt  in  the  rocks 
forming  the  adjoining  hills ;  and  the  conditions  generally  suggest  that  its  origin 
may  be  the  same  as  that  of  the  saline  upper  ground-water  so  general  on  this  side 
of  India — from  the  soakage  of  the  early  rainfall  into  the  parched  ground  taking 
with  it  the  soluble  resxdts  of  earth  decomposition  at  the  surface,  while  the  later 
rainfall  in  great  part  runs  off  the  bare  ground  as  surface  drainage.  Thus,  the 
small  proportion  of  the  rainfall  that  passes  into  the  ground,  taking  with  it  all  the 
impurities,  is  insufficient  to  sustain  the  underground  water  up  its  proper  level  so 
as  to  ensure  an  adequate  escape  and  renewal  by  percolation.    It  would  seem  from 
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all  the  facts  that  the  Sabzalkot  well  is  altogether  in  this  compound  wSiicr  bed, 
and  that  there  is  no  head  of  water  at  all  in  the  artesian  sense,  the  rise  that  took 
place  from  the  lower  levels  being  sufficientlj  explained  by  the  exhaustion  of  -wrater 
from  the  tube  while  passing  through  impervious  beds. 

43.  It  is  evident  that  these  three  borings  leave  the  question  of  artesian 
springs  in  the  plains  of  Upper  India  quite  unsettled.  At  Sabzalkot  such  a  reBnlt 
could  not  have  been  reasonably  expected ;  and  at  Bhiw&ni  the  ground  is  pre- 
sumably out  of  reach  in  the  northern  sources  of  supply,  which  are  the  only  Hope- 
ful ones.  The  Ambdla  trial  is  the  only  one  for  which  success  could  have  Iseen 
predicted,  and  as  the  ultimate  condition  of  that  success — to  reach  the  base  of 
the  alluvial  deposits — ^has  not  been  accomplished,,  the  prospect  remains  unafBect- 
ed,  save  by  the  knowledge  that  the  depth  of  the  deposits  is  greater  than  mig'b.t 
have  been  anticipated,  or  at  least  hoped  for.  The  only  seeming  risk  is  the  posi- 
tion being  too  near  the  head,  but  on  a  careful  minimum  estimate  for  that  level 
Amb&la  seems  within  the  area  of  supply.  As  regards  other  positions,  this  pre- 
caution is  the  chief  one  to  be  kept  in  view,  and  the  opposite  danger  with  respect 
to  the  southern  margfin  of  the  area.  Superficially  regarded  the  lowest  point  of 
the  ground  ought  to  be  the  most  favourable,  as  giving  a  maximum  of  fall ;  bnt 
seeing  that  the  expected  supply  is  from  the  north,  and  from  the  lowest  deposits 
of  that  side  of  the  basin,  it  becomes  important  to  consider  whether  the  lo^west 
line  of  drainage  was  always  where  it  is  now ;  and  the  best  conjectures  iwe  can 
make  (confirmed  by  the  great  depth  of  the  deposits  at  Ambdla)  suggest  that  it 
was  not  so ;  but  that  the  later  deposits  of  the  more  copious  supply  of  sediment 
from  the  north  have  encroached  upon  and  overlapped,  possibly  to  a  considerable 
extent,  ground  originally  occupied  by  deposits  from  the  peninsular  side  of  the 
basin,  so  that  a  boring  near  this  margin  would  soon  pass  into  beds  having*  a 
northerly  slope.  There  would  still  remain  the  chance  that  these  bottom  beds  of 
southern  derivation  woxdd  participate  in  the  water-supply  of  the  confluent  strata 
from  the  Himalayan  side  ;  but  until  the  resources  of  these  most  favourable  de- 
posits are  proved,  one  would  not  wish  to  see  the  prospects  of  the  enterprise  en- 
dangered by  any  avoidable  risk  It  would  be  worthy  of  Government  to  undertake 
the  settlement  of  so  important  a  question. 


On  Oligoclase  Granite  at  Wdngtu  on  the  Sutlej,  North- West  Himalayas. — By  F. 

R.  MiiLLBT,  F.G.S,,  Geological  Survey  of  India- 

One  of  the  most  remarkable  features  in  the  geology  of  the  North- West 
Himalayas  is  the  "  granitic  axLs,  so  persistent  along  the  main  range.  To  the 
east  in  Sikkim,  and  in  the  north-west,  from  the  frontier  of  Nepil  to  K!nla 
wherever  examined,  coarse  white  granite  has  been  found  in  profusion  along*  the 
line  of  peaks,  near  the  present  edge  of  the  sedimentary  basin  of  Tibet.  It  occurs 
in  veins  and  dykes  of  every  size,  sometimes  forming  the  massive  core,  up  to  the 
summit  of  the  highest  mountains.'*' 

Passing  in  a  cast-north-easterly  direction  from  the  peaks  surrounding  the 
head- waters  of  the  Bhagirathi,  one  of  the  main  lines  of  intrusive  action  runs 

*  Manual  of  tlic  Geology  of  India,  p.  629. 
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tlang  the  ereai  of  the  mountain  range  to  the  south  of  the  Baspa  Valley,  and 
oTOflseB  the  Sntlej  some  miles  ahove  E&mpnr.^ 

At  Wingta  bridge,  in  this  neighbourhood,  veins  of  granite,  cutting  through 
the  gneiss,  are  exposed  with  more  than  ordinary  clearness,  and  as  two  of  the 
principal  routes  across  the  Himalayas  diverge  at  this  point,  there  are  few  local- 
ities in  the  granitic  region  that  have  been  more  often  visited,  or  more  frequently 
described.  In  the  fifth  volume  of  the  Geological  Survey  Memoirs,^  Dr.  Stoliczka, 
in  reference  to  Wdngtu,  says  the  "  granitoid  gneiss  is  traversed  by  a  countless 
number  of  veins  of  albite-granite,  veins  of  unmeasured  length,  and  from  1  to 
20  feet  in  .thickness.  The  principal  mineral  in  these  veins  is  a  pure  white 
ftibite :  next  to  it  quartz,  mica,  black  tourmaline,  and  few  other  minerals.  All 
ih^ese  occur  in  large  crystals,'  and  the  structure  of  the  rocks  is,  therefore,  emi. 
nently  a  porphyritic  ore.  Colonel  B.  Strachey  tells  me  that  these  veins  of 
albiie  granite,  in  the  neighbourhood  of  the  Niti  Pass,  enter  into  the  Silurian  and 
even  the  secondary  strata.  There  camiot  be  the  slightest  doubt  as  to  their  being 
of  subsequent  date  to  the  gneiss,  in  which  they  are  truly  intrusive.'*  In  a  sub- 
sequent paper  in  the  same  volume,^  I  have  described  the  veins  at  W&ngtu  as 
mably  composed  of  albite,  large  cleavable  masses  of  the  felspar  being  seen  un- 
mixed with  other  mineral. 

Having  recently,  however,  completed  an  analysis  of  the  felspar  in  question, 
I  have  found  the  above  description  to  be  erroneous.  The  result  obtained  was  as 
foUowB : — 

Oixffen 
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the  felspar  being  oligoclase.  It  is  deavable-massive,  with  twinning  striations 
sometiinea  visible  on  the  basal  cleavage  planes.  The  colour  is  milk-white,  the 
mineral  being  translucent  in  moderately  thin  fragments*  In  general  appearance 
it  is  somewhat  like  the  cleavable-massive  oligoclase  from  Ytterby,  in  Sweden, 
specimens  of  which  are  to  be  found  in  most  mineral  collections,  but  it  differs  from 
the  latter  in  that  striations  are  of  comparatively  rare  occurrence.^ 

With  reference  to  the  felspar  of  the  granite  generally.  General  Strachey  has 
recorded  that,  as  &r  as  his  experience  wenty  it  is  alirays  white,'  and  the  various 

1  Qinrt  Jonr.  Qeol.  Soc,  Vol.  VII,  p.  292L 

«  Page  12. 

'  The  felspar  is  c]eayable»inassive«  and  the  quarts  not  crystallised. 

♦  Page  169. 

*  The  fragments  selected  for  analysis  were  aU  striated. 
>  Quart.  Jour.  Qeol.  Soc.»  Vol.  VII,  p.  802. 
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notices  of  the  rook  scatteredthrougli  theMemoiraandBecordsof  tbeSuTeyBeeni 
to  efaow  that  this  character  ia  a  veiy  Donatant  one.'  Of  course  it  prores  nothing 
in  itself  as  to  the  species.  There  are  at  present  in  the  Mnseam  speoimenB  of 
granite  from  W&ngtn,  from  Darwas  in  P^gi,  from  Ghfmre  in  Lad&k,  and  from 
Boada  in  D&rdistltn.  In  the  felspar  <^  the  first  two  twinning  strialions  are 
visible  on  some  of  the  basal  cleavage  planes,  and  Colonel  McMahon  has  noticed 
eimilar  striations  in  the  felspar  of  the  granite  at  Change.'  None  of  the  spea- 
inens  show  any  ontward  sign  of  the  oo-existence  of  two  felapare,  and  no  writer,  as 
far  as  I  know,  has  suggested  that  two  felspars  are  present  together  in  the  granite 
where  they  have  examined  it.  Bat  the  evidence  at  present  available  cannot  be 
considered  as  proving  more  than  that  the  felspar  is  very  often  plagioclase. 
Whether  the  plagiodastio  felspar  is  constantly  oligoclasa  or  not  is  a  point  that 
can  only  be  settled  by  farther  analyses. 

The  above  remarts  refer  to  the  granite  alone.  Orthoclase  has  been  frequent- 
ly noticed  in  the  gneissose  rocks  throngh  which  the  granitic  veins  have  pene- 
trnted.* 


Jfote  on  a  FiBh.palate  >rom  t%e  Siwaliks.~£y  A.  GOhtheb,  M.D.,  Ph.D.,  F.B.S., 
Keeper  of  tJia  Zoological  VepartmeTU,  Briiith  Mutmtm. 

(Nota. — Tbe  ptlate  here  bridj  described  uid  determined  waa  obtained  by  Hr.  Theobald  from 
the  Siwalik*  of  the  Pmijab,  and  Mut  to  me  b;  Hr.  Lydekker,  in  order  that  I  might  nibmit  it  to 
one  of  the  uattmliit*,  who  bad  eapeciall;  Btndied  fish.  Dr.  QDnther  rery  kindlj  ondeitook  ths 
talk,  and  the  Snrref  is  indebtod  to  him  for  tbe  accompan^ng  Dot«.  A  timiUr  boi  broken  tng- 
■neat  hat  been  obtained  from  the  Manchar  bed«  in  Sind.— W.  T.  Bubtobd.) 

The  fossil  submitted  to  me  for  examination  is  a  rather  massive  bone,  36  mill. 
long.,  15  milL  wide,  and  abont  1^  mill,  deep  (in  its 
deeper  anterior  portion).     One  side  (the  inner)  b 
more  straight  than  the  other  (outer),  which  espe- 
cially towards  the  front  is  curvilinear.  One  surface 
is  entirely  covered  with  small  granular  (molar) 
teeth,  somewhat  irregular  in  sise  aai  shape,  the 
largest  being  abont  the  siee  of  a  pin's  head.    This 
dental  surface  is  strongly  conrex  in  its  transverse 
as  well  as  longitudinal  axis,  and,  especially  the  part 
in  which  the  fossil  is  widest,  forms  a  oonspicnous 
protuberance. 
There  is  scarcely  any  doubt  that  this  bone  is  the  right  palatine  of  a  large 
Biluroid,  possibly  belonging  to  tbe  genus  Ariut ;  and  if  so,  this  determination 
may  be  confirmed  by  the  future  discovery  in  tbe  same  formation  of  spines  with 
vhich  the  dorsal  and  pectoral  fins  of  this  fish  were  probably  armed. 


I,  ToL  V,  H).  12. 169, 170.    Becord*,  Vol.  XII,  p.  60 ;  VoL  XUI,  p.  30. 
»  Records,  ToL  XII,  p.  60. 
•Memoirs,  Tol.  V,  p.  12;  Records,  Tol,  IX,  p.  168}  Xlll.p.sa 
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Palffiontological  Notes  from  the  Hazdribdgh  and  LoHdrdagga  Districts. — By 
Ottokib  Feibtm autbl,  Palceontoloifist,  Qeologieal  Survey  of  India. 

[With  Plates  I  ahd  II."] 

In  the  cold-weather  months  (Januaiy  and  Febmaiy)  of  this  year  I  under- 
took an  excursion  into  the  North  and  South  Kiranptira  coal-fields,  in  the  Hazdri- 
b4gh  district^  and  into  the  Auranga  coal-field  in  the  Lohdrdagga  district, 
snb-diTision  Palamow. 

This  enabled  me  not  only  to  enlarge  the  list  of  localities  for  fossils,  as  given 
in  the  first  part  of  my  Damuda  Flora,  ^  but  also  to  increase  our  knowledge  of  the 
distribution  and  range  of  the  fossils  and  of  the  peculiarities  of  the  Lower 
Gondwdna  flora,  especially  in  its  relation  to  the  upper  portion  of  that  system 
aad  to  some  extra-Indian  floras. 

Starting  from  Qiridhi  (Karharbdri  eoal-field),  where  I  collected  some  fossils 
at  a  new  shaft,  I  passed  vid  Hazdribdgh  and  Daiini  Gh&t  into  the  North- 
Earanp^ra  coal-field,  collected  fossils  at  three  localities^  in  the  northern  portion 
of  the  field,  passed  then  into  the  Auranga  coal-field,  collected  fossils  at  seven 
localities^  (amongst  which  one  with  Talchir  fossils)  ;  re-passed  into  the  Kdranpdra 
coal-field,  collecting  at  one  locality;^  marched  from  here  south-east  to  Bdnchi; 
thenoe  northwards  into  the  South  Kdranpura  coal-field,  collecting  fossils  in  the 
iron-shales  at  two  places;^  passed  again  into  the  North  K&ranptira  coal-field 
with  the  special  purpose  of  collecting  Talchir  fossils  in  the  Ch^o  basin  (eastern 
extremity  of  the  North  K&ranpura  coal-field)^  in  which  I  completely  succeeded. 
On  my  return  route  I  passed  through  the  Bokhdro  and  Jharia  coal-fields. 

In  the  following  notice  of  the  fossils  I  collected,  and  of  some  other  observ- 
ations, I  proceed  according  to  the  coal-fields,  from  east  to  west,  and  within  the 
coal-fields  according  to  the  groups. 

I. — Kabhabbaei  Coal-field. 

At  Karharbdri,  I  took  the  opportunity  to  collect  some  fossils  at  a  new  shaft, 
Fossils   at    No.   2dD      ^ben  in  process  of  sinking.  No.  23  D,  Passerabhia.     This 
"Ittft.  is  expected  to  be  the  deepest  shaft,  passing  through  all  the 

principal  seams  (Nos.  1,  2,  and  3).  At  the  time  of  my  visit  it  had  reached  the 
third  seam,  but  had  passed  through  an  additional  thin  seam  above  it.  The  fossils 
I  collected  were  in  a  dark  fine  earthy  shale,  here  and  there  micaceous,  taken 
from  the  third  seam,  and  resembling  entirely  the  shale  from  this  seam  in  the 
shafts  17C  and  17B,  the  fossils  from  which  I  have  already  described.  ^ 

■  GoDdwibm  Flora,  Vol.  Ill,  2, 1880. 

'  Chepa-Jugn;  south  of  Tandwa;  south-east  of  BilnnU^th. 

*  Bfiaiuiggar ;  Murup ;  two  places  on  the  Latiahar  hill ;  north  and  south  of  Jaguldogga  j 

Sukiee  river,  west  of  Qoortoor. 
^  Bnrgaon, 

*  West  and  south-east  of  Junagar. 

*  M.  Ind.,  Ser.  XII,  1,  and  Suppl.  (or  Gondw&na  Flora,  Vol.  Ill,  1, 1  Suppl.) 
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The  fossils  from  the  new  locality  are  the  following : — 

Equisetaceous  stalks. 

Oatigamopteris  cyclopteroides,  Pstm. — ^nnmerons. 

Olossopteris  commtmis,  Pstm. — numerous. 

Noggerathiopsis  hislopi,  Fstm.  (Bunb.)— with  closely  set  veins. 

The  character  of  the  fossils  is  the  same  as  those  quoted  from  the  third  seam 
before.  In  the  shale  there  are  here  and  there  pockets  of  iron  stonBy  in  one 
piece  of  which  I  observed  impressions  of  a  Olossopterts,  Bgt.,  with  soxnewhat 
a  tendency  to  pass  into  QangamopteriSy  Mc*Coy,  the  midrib  becoming  resolved 
in  the  upper  part  of  the  leaf  into  radiating  secondaiy  veins. 

To  illustrate  the  position  of  the  third  seam  and  the  fossiliferous  band,  I  give 
Section  of   No.  23D      ^^^  section  of  the  shaft,  as  far  as  it  has  been  sxinky  in 


shaft. 


descending  order 


Brickwork 
Sandstone 
Stony  coal 
Dark  sandstone 
Bine  shale 
Dark  sandstone 
Grey        „ 
Coal 

Blue  shale         • 
Grey  sandstone 
Blue  shale] 
Coal   % 

Stone  (.(Unworked) 
Coal   3 
Blue  shale 
Grey  sandstone 
Blue  shale         • 
Blue  rock 
Grey  sandstone 
Sandstone 
Coal      . 
No.  8  seam  <  Carbonaceous  shale 
(Coal     . 
Sandstone 
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270        3 


The  shaft  is  still  in  progress  of  sinking. 

Qangamopteris  ohliquaf  Mc'Coy,  PI.  II,  fig.  5. 

This  species  of  Qangamopteris,  from  the  third  seam,  at  17C  shaft,  has  not 
hitherto  been  found  in  the  G-ondw&nas.  It  was  first  described  by  Professor 
Mc'Coy  from  the  Bacchus-marsh  sandstone,  Victoria  ;*  and  it  was  said  to  be  one 
of  the  most  common  forms  of  the  genus.     Some  forms  of  the  Indian  Qangamoptem 

*  Prodrome,  Palesontology,  Victoria,  Decade  II,  page  18,  PI.  XII,  figs.  2 — 4. 
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cijclopteroides  might  porhaps  have  been  placed  with  the  above  species ;  but  the 
present  specimen  is  so  exactly  like  the  Qangamopieris  ohliqua,  Mc'Coj,  that  it 
has  to  be  classed  at  once  with  it.  If  placed  side  hy  side  with  Mc'Coy's  fignre 
{I  c.f  PL  12,  fig.  3),  not  the  slightest  difference  can  be  observed.  I  am  the  more 
glad  to  be  able  to  figure  this  leaf,  showing  well  the  Chngamopteris  character,  as 
it  lies  in  the  same  piece  of  shale  with  a  Olossopteris,  in  which  the  midrib  is  well 
shown,  80  that  the  difEerence  between  the  two  genera  can  easily  be  seen.  I  shall 
mention  the  same  species  again  further  on  from  the  Talchirs. 

IT. — Ejlranpura  Coal-fields. 

These  coal-fields,  of  which  the  description  and  maps  were  published  by  Mr. 
Tiro  Kinn^Ctn  ooal-       Hughes,  ^  and  which  were  distinguished  as  the    Northern 
^^^^'  and  Southern  K^ranpura  coal-fields,  are  situated  in  the 

Hazdribdgh  district,  south  and  south-west  of  HaziLribdgh.  No  fossils  from  the 
Damnda  division  of  the  fields  have  been  named,  and  only  a  few  specimens  were 
known  from  the  Talchirs  of  the  Ch&no  outcrop,  in  the  eastern  portion  of  the 
North  Karanpura  field.  I  have  collected  at  several  places  in  the  former,  and 
hare  considerably  increased  our  collection  of  fossils  from  the  latter  rock  groap. 

I. — Talchib  Division. 

A, — Talchir  Group, 

A  chief  object  of  my  visit  to  the  North  Karanpdra  coal-field  was  to  examine 
ihe  locality  in  the  Talchirs,  where  Mr.  Hughes  had  previously  collected  some 
specimens  of  fossil  plants  ^  that  have  been  described  and  figured  in  my  paper 
on  the  Talchir  Karhabdri  Flora." 

From  Rikba  (Indian  atlas  sheet  104,  23''  45'  Lat.  north ;  85''  24'  Long,  east), 

Tilchir  of  the  ChAno     &  village  close  to  the  road  from  Rimgarh  to  Hazaribagh, 
^i°-  via  Badam,    I  followed  the  road  to  the  point  where   it 

crosses  the  stream  coming  down  from  the  hills  north  of  Lurunga  ^  (about  3  miles 
north-west  of  Bikba).  The  stream  is  here  in  gneiss,  but  passing  down  it  the 
Talchirs  soon  set  in,  consisting  at  first  of  coarse  conglomerate,  then  quartzose 
sandstones ;  soon  afterwards  the  Torddg  stream  (coming  from  the  west,  from 
tlie  TonMg  hills  by  the  village  Indra)  joins  the  Lurunga ;  and  further  south  a 
D&la  falls  in  from  the  north-east,  and  just  at  this  point  the  Talchir  shales  set  in, 
kbont  40  feet  only  from  the  base  of  the  coal-beds  (Barakars). 

The  beds  are  here  well  exposed  to  a  height  of  about  15  feet,  and  consist  in  the 
lower  part  of  more  bluish-green  sandy  shales,  while  the  upper  sandy  shales  are 
brownish-green  and  somewhat  softer  than  the  former ;  both  are,  however,  rich  in 
plant  remains.  I  spent  a  whole  day  at  the  place,  but  although  I  have  split  open 
niany  hundreds  of  specimens,  not  a  trace  of  any  animal  remains  could  be  observed' 
I  iiope,  however,  to  be  able  to  pay  this  interesting  spot  another  longer  visit. 

'  Mem.  G.  S.  I.,  Vol  VII,  Pt  8,  1871. 

'  Hugbei.  L,  0.,  p.  12. 

'  PmI.  lud.,  Ser.  Xll,  1.  (VoL  III,  I.,  GondwiLna  Flora,  1879),  pp.  2,  6,  7,  &c. 

^  This  ia  the  Lomnga  stream,  mentioned  in  Mr.  HaghoB*  and  my  papen  {L  o.) . 
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The  exact  locality  may  be  described  thus  :-^ 

*^  In  the  river  formed  by  the  junction  of  Lnmnga  and  Tord^g  streama,  1^ 
miles  south-east  of  Lumnga  village,  2  miles  west-north-west  of  Bikba  village, 
and  1^  miles  north-east  of  Ch4no  village."  It  can  easily  be  reached  from  Haz&ri- 
bdgh,  from  which  it  is  19  miles  distant  via  Badam,  or  16  miles  in  a  direct  line. 

The  fossils  collected  consist  chiefly  of  ferns,  and  some  are  either  quite  new  or 
at  least  new  for  the  Talchirs. 

I  distisguish  the  following  forms  : — 

Equisetaoba. 

Equisetaceous  stalks. — Similar  to  those  originally  known  from  the  Tal- 
chirs of  the  Karaun  field ; 

Phyllotheea,  n.  sp. — ^A  peculiar  form  with  veiy  thin  branches  and  short 
setaceous  leaflets. 

FiLlOBS. 

G-enus:  Oangamopieris,  Mc'Coy. 

This  fern  forms  the  main  bulk  of  the  fossils  collected,  and  shows  a  great 
variety  of  leaves.    I  can  distinguish— 

OangamopterU  oydopteroides^  Fstm. — Several  leaves  of  the  iype  form. 

Oangamopteris    cyclopterovdeSf   var.   svh-auriculaia, — Like  those    forms 

figured  from  the  Karharbdri  beds,  E[arharb&ri  coal-field. 
Oangamopteris  oychpteroides,  var.  aUenuaJba, — Like  the  original  forms. 

I  had  also  to  distinguish  several  new  varieties  of  this  species — 

Oangamopteris  oyclopteroides^  var.  acuminaia. — Forms  with  a  peculiar 
triangular  leaf. 

Oan^am.  cyclopt,^  var.  cor(2t/oZta.— Small  cordi-form  leaflets,  with 
straight  distinctly  radiating  ribs,  although  anastomosing;  thej 
convey  strongly  the  idea  as  if  they  belonged  to  a  large  pinnate  leaf. 

Oangam,  cyclopt.y  var.  cra^sinervis, — An  oblong  leaf  showing  particularly 
well  the  radiating  disposition  of  the  veins  and  their  anastomoses 
throughout  the  whole  leaf,  the  veins  being  unusually  strong  and  the 
meshes  almost  equally  large  throughout. 

Oangamopteris  ohliqua,  Mc'Coy. — There  is  one  specimen  in  the  collection, 
which  I  can  only  identify  with  this  species  of  the  Bacchus-marsh 
sandstones  of  Victoria.  I  had  previously  ^  pointed  out  that  the 
Oangamopteris  cyclopteroideSf  Fstm.,  from  its  great  number  and  the 
variety  of  the  leaves  mostly  resembles  the  Victorian  Oangam. 
ohliqua,  but  the  specimens  now  under  consideration  can  be  at 
once  referred  to  this  species.  I  have  quoted  the  same  also  on  a 
previous  page  from  the  Karharbari  coal-field. 

>  Talchir-Karharb^ri  FlorRi  I.  c,  p.  IS. 
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Gangamopteris  angfisHfoliOf  Mc'Coy. — This  species  was  already  known 
before,  both  from  the  Talchir  shales  and  the  Karharbdri'  beds. 
I  have  now  found  it  again ;  and  one  specimen  resembles  very 
closely  the  figure  given  by  Mc'Coy.* 

dangamopteris  huriadica,  Fstm. — Several  specimens  of  this  Karharbiri 
plant  have  now  been  identified  in  the  Talchir  shales,  as  also 
one  specimen  of  another  form. 

QangamopterU  majors  Estm. — The  leaf  is  somewhat  shorter,  being  broad 
at  the  apex.  This  I  think,  however,  to  be  only  accidental, 
while  the  basal  portion  of  the  leaf  and  the  distribution  of  the 
veins  is  entirely  as  in  the  Elarharb&ri  species* 

We  see  from  tho  foregoing  that  Oangamopteris  appeared  in  great  force  in 
these  Talchir  shales,  greater  than  hitherto  known.  The  long-leaved  forms  are 
especially  very  numerous,  but  they  all  have  to  be  classed  as  Gangamopteris^ 
there  being  no  solid  midrib  from  which  the  secondary  veins  pass  ont;  it  is 
replaced  by  a  number  of  stronger  veins,  but  always  forming  anastomoses,  and 
resolved  by  repeated  dichotomy  into  the  secondary  veins  which  then  form  the 
lateral  network  of  the  leaf. 

A  very  peculiar  character  was  shown  in  many  leaves,  i.e.,  that  the  margin 
Virgin  of  leaves  don-    appeared   frequently  doubled  up,   the  venation  of  these 
^^  '"P*  folded  portions  overlying  each  other  producing  a  peculiar 

reticulation.  This,  doubling-up  takes  place  at  different  parts  of  the  leaf,  some- 
times even  from  the  base.  Two  specimens  are  remarkable  in  this  respect,  the 
margins  of  the  doubled-up  portions  approaching  so  closely  and  regpilarly  so  as 
to  produce  the  effect  of  a  midrib ;  but  a  closer  examination  shows  that  this 
state  is  produced  by  folding.  It  will  be  easier  to  explain  this,  and  make  sug- 
gestions as  to  how  it  took  place,  when  the  specimens  can  be  figured. 

Genus:  Glossopterisy  Bgt. 

I  have  already  had  occasion  to  mention*  one  instance  of  a  Glossopteris  f i*om 
the  Talchirs ;  but  the  specimen  was  not  very  distinct.  This  time,  however,  I 
have  brought  several  specimens ;  and  there  can  be  no  longer  the  slightest  doubt 
abont  their  being  true  Glossopteris,     There  are  three  kinds  of  venation — 

Glossopteris  communis,  Fstm.— The  same  forms  as  occur  in  the  Karhar- 
b&ri  coal-field,  with  rather  a  tendency  of  the  midrib  to  dissolve 
towards  the  apex ; 

Glossopteris,  sp. — Fragments  with  straight  oblong  meshes  ; 
Glossopteris,  sp. —  A  fragment  with  a  venation  of  Glossopt.  indica. 

GTGADEACEiB. 

Genus:  Noggerathiopsis,  Fstm. 
Noggeraihiopsis  hishpi,  Bunb.  sp.  (Fstm.) — Several  leaves. 

I  AmuO.  and  Mag.,  Kat  Hist.,  Vol.  XX,  Tab.  19,  figs.  8— 8a ;  Prodr.  Pal.,  Victoria,  Dec.  11, 
H  Xni,  fig.  2. 

'  Talchir-Karharb^  flora,  I  c,  p.  18;  Hughes,  Kilranpdra  Coal-fleld,  I.  c,  p.  296. 
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Seeds. 
Several  specimens  of  winged  seeds,  whicb  have  already  been  mentioned 
from  the  Talchirs  and  the  Karharbari  beds,  similar  fossils  also  oocorring  in  the 
Damuda  division.     Thej  are  of  the  Samaropsis  type. 

This  flora  of  the  Talchir,  which,  although  not  very  varionsy  must  yet  be  con- 
sidered numerous  as  regards  specimens,  bears  close  resemblance,  to  the  flora  of 
the  Karharbdri  beds.  We  really  almost  miss  only  Neuropteridium  validtimj  Estm. 
and  VoUzia;  but  of  these  plants  the  latter  occurs  also  only  locally  in  the  Kar- 
harbari  coal-field,  in  the  Serampur  area,  the  former  also  being  much  more 
numerous  in  that  area  than  in  the  Karharbdri  area,  so  that  it  would  perhaps  not 
be  impossible  that  this  Talchir  flora  in  the  Ghdno  basin  of  the  K&ranp(ira  coal- 
field also  represents,  to  a  certain  extent  at  least,  the  Karharbari  flora,  in  which 
case  the  Karharbari  beds  would  then  really  be  the  coal-bearing  &cies  of  the 
Talchir  division,  the  chief  character  of  both  being  the  predondnance  of  Chnga- 
majpteris, 

11. — Damuda  Division. 

From  this  field  no  Damuda  fossils  had  as  yet  been  procured.  I  have  now 
collected  some  from  all  groups.  The  relations  are  very  similar  to  those  des- 
cribed for  the  Baniganj  coal-field. 

A. — Bardkar  group, 
I  collected  Bar4kar  fossils  at  two  localities. 

While  encamped  at  Jugra  below  the  Daini  ghftt,  I  visited  the  outcrops  in 
Fossils    near    Jngra,     ^^^  Ghui  river,  1  mile  south-south-east  of  Jugrra,  near 
Arihura.  the  village  Arfihura.*    The  outcrops  are  exposed  just  in 

the  river,  dipping  south-west.     I  collected  fossils  in  the  following  order— 
(a.)  In  the  coal-seam  impressions  of  Vertebraria  indica,  Boyle ; 
(h.)  Immediately  below  the  seam,  in  dark-grey,  somewhat  sandy  shales, 
impressions  of  Vertebraria  indica^  Boyle,  only ;  very  numerous  and 
good  specimens ; 
(c.)  Below  this  in  a  stratum  of  fine  shale— 

Vertebraria  indica^  Boyle — ^less  frequent. 
OlosBopteris  indica,  Schimp. 
Olossopteris  communis^  Fstm. 
(d,)  In  a  next  lower  bed  of  grey  shale,  traversed  by  white  worm-like  con- 
cretions— 

Olossopteris  indica^  Schimp. 
Olossopteris  eonvmuniSf  Fstm. 
These  relations  remind  me  completely  of  those  in  the  Bar&kars  of  Kumer- 
dhubi,  near  Bar&kar. 

Further  to  the  west  I  collected  fossils,  in  the  Bishanpur  river,  3|  miles  south- 
Bisbanpiirriyer,  south-     east  from  my  camp  at  B^um&th.     There  are  three  out- 
east  of  BalomiLth.  crops  of  coal.    Mr.  Hughes  described  the  section  in  his 
Beport  (I.  c.)  on  page  26. 

^  Mr.  Hughes  mentions  these  outcrops  on  p.  22  of  his  report  (I.  c.). 
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Ab  far  as  I  could  identify  the  beds  I  coUeoted  fossils  above  bis  middle  seam, 
thus: — 

(«.)  Above  the  seam,  in  dark-grey  shale,  partly  sandy  and  micaceous— 

Vertebraria  indica^  Boyle — ^in  great  numbers ; 
Olos8(ypteri8  eommuniSf  Fstm. ; 

Qlossopteris  communis,  Fstm.,  var.  stenoneura — rather  numerous ; 
Olassopteris  tndicct^  Schimp- ; 
Noggerathiopsis  hislopi,  Bunb.  (Fstm.)  ; 
fif^ttOTiUB— like  some  form  the  Bax dkars  in  the  Baniganj  field. 
(5.)  Above  this,  in  lights  sandy^  banded  shale  with  fragmentary  fossils — 

Vertebraria  mdica,  Boyle,  and  numerous  other  fragments,  inde- 
terminable. 
The  characteristic  feature  of  these  fossils  is  the  predominance,  or  at  least  the 
great  proportion  of  VeHehraria  indica  in  comparison  with  Qlossopteris  and  the 
other  fossils. 

B,^Ironstone  (shales). 

In  the  South  Kiranpfira  coal-field  I  collected  fossils  from  the  iron-shales,  while 

Kaikori     riyer,    near     encamped  at   Jainagar  (in  the  Naikori   river)  on  my  way 
Jainagar.  from  Binchi  to  Bdmgarh.     I  collected  at  two  spots,  i.e.,  in 

the  river  south-east  o{  the  village,  and  in  a  nala  west  of  the  village.  At  the  first 
place  the  rock  consists  of  clayey  sphedrosiderites,  alternating  with  grey  micaceous 
shales,  both  fossiliferous. 

At  the  second  place  it  was  in  ferruginous  shales,  brownish,  yellowish,  and  red- 
dish, that  the  fossils  occurred.  I  shall  enumerate  the  fossils  from  both  places 
together: — 

EquisetaeeoiiS  stems. 

Macrotcandopteris  danceoides,  Boyle,  sp. 

Olossopteris  com/munis^  Fstm. 

CHossopt,  indica^  Schimp. 

Olossqpt.  rdiferOf  Fstm. 

Olossopi.  damudieOf  Fstm.-~*Numerous,  amongst  others  a  fragment  of 

a  very  broad  leaf. 
Ohssopt  conspicuay   Fstm. — Fragment. 
Olossopt,  angustifolia,  Bgt. 
Oangamopteris,  sp. — Alniost  circular  leaves,   with  distinctly  radiating 

and  anastomosing  veins. 
Noggerathiopsis  hislopif  Bunb.  sp.  (Fstm.). 
SquamiB, 

If  we  compare  this  flora  with  some  others  already  known,  we  shall  find  that  it 
resembles  the  flora  of  the  Baniganj  group  in  the  Baniganj  field.  The  fossils 
known  hitherto  from  the  iron-shales  were  only  very  few. 

0. — 'Raniganj  Group. 

I  collected  fossils  at  two  localities  in  the  Baniganj  group ;  the  relations  prov- 
^  much  the  same  as  those  in  the  same  group  in  the  Baniganj  coal-field. 
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WMle  encamped  at  the  polioe  station  Tandwa,  on  the  GarM  river,  I  visited 
Garhi  river,  south-east     t^©  ontcrops  of  the  Raniganj  group  in  the    said  river, 
of  Tandwa.  8  miles  south-east  of  Tandwa ;  ^  the  dip  is  south-easi 

In  the  grey  shales  ahove  the  seam  I  observed — 
Schizoneura  gondwanensis,  Fstm. 
Vertebraria  indica,  Boyle. 

Ogathea  comp  Tchihatchefif  Schmalh. — Fragment  of  pinnsa. 
Olossopteris  commwnis^  Fstm. 
Olossopteris  conspicua,  FstuL— Just  like  that  from  near  Assensole,  Bani- 

ganj  field. 
OI088.  indica^  Schimp. 
QI088.  formo8ay   Fstm. — First   described  from  the  Baniganj  group,  in 

the  Raniganj  coal-field. 
Dictyopteridium,  sp. — Just  like  the  forms  from  the  fiarfikars  in  the  Tal- 

chir  coal-field,  from  the  Raniganj  group,  in  the  Raniganj  coal-field. 
Winged  8eed8,  like  ^otnarop^M.— >Just  like  those  from  the  Raniganj  field. 
BquamcB. 

Above   the  grey  shales   (above  the  seam),  there  is  yellowish-grey  bedded 
sandstone,  with  Olossopteris  eommwiisy  Fstm. 

Above  this  again  massive  greenish-grey  sandstone,  with— 

Vertehraria  indica.  Royle,  which  traverses  the  sandstone  in  all  directioss 
and  exhibits  well  its  rhizoma-like  nature. 
Ahove  this  Ter^e&rema-sandstone    come  in    other    sandstones,   which  veiy 
much  resemble  to  Panchet  rocks. 

The  other   locality  at  which  I  collected  Raniganj  fossils  is  further  sontli- 
Qancspar  riyer,   west     west  of  Tandwa,  i.e.,  in  the  Ganespur  river.  ^     I  visited 
of  Bargaon.  it  from  Burgaon,  at  the  western  extremity  of  the  Satp&bri 

hill ;  it  is  about  2^  miles  west  of  this  village.  The  strata  here  dip  north ;  there 
are  three  outcrops ;  between  the  two  northern  ones  I  collected  fossils  in  several 
beds,  which  I  shall  indicate  in  ascending  order  ;  thus— 

(a.)  In  the  shales  with  the  coal  seam— 

Vertd)Taria  indica,  Boyle. 
(6.)  Grey  sandstones  with — 

Olossopteris,  sp.  (veins  not  distinct), 
(e.)  Then  follows  a  series  of  sandstones  and  shales  without  distinct 

fossils. 
((2.)  A  bed  of  grey  shale,  about  2  feet  thick,  with  impressions  of-' 

Olossopteris  commimis,  Fstm. 

Olossopt  angustifoUa,  Bgt. 

(e.)  Immediately  above  is  a  series  of  greyish-brown  shales,  somewkst 
sandy  and  micaceous,  full  of  fragments  of  leaves — 
Olossopteris  angustifolia,  Bgt. 


>  Hughes.     X.  e.,  p  82. 
'  Hughes.    Idem,  p.  34 
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Cno89fypter%8  damudiea,  Fstm. 

Ohsaapt.  retifera,  Fstm. 

SjfuO'iiuB— -jxLBt  like  the  same  from  the  Baniganj  field. 
(/*.)  Again  grey  shales  with — 

Olossopteris  eorwimims^  Fstm* 
(^.)  Then  follow  greenish  shales  without  fossils. 

(Jk,)  Then  a  bed,  about  3  feet,  of  reddish-white  hard  shales,  fall  of 
yegetable  fragments ;  and — 

Vertebraria  indicOf  Boyle, 

Olossopteris  indiea,  Schimp. 
(i.)  The  last  in  the  series  were  saady  shales  with— 

Veriebra/ria  indioaf  Boyle. 
IJlo  fossils  could  be  observed  in  the  two  other  onteiops. 

D. — Panehets  and  MaJiddevas, 

Although  both  these  series  are  largely  developed  in  the  Kiranpfira  coal-field 
-,  .  ,       .  ,^  I  have  not  observed  any  fossils  in  either  of  them ;  but 

while  encamped  at  Bnrgaon,  at  the  south-west  foot  of 
the  Satp4hri  hill,  I  had  an  opportunity  of  seeing  fine  examples  of  water  action 
on  the  red  days  of  the  Panchet  division.  Close  to  the  foot  of  the  hill  blocks 
of  MahiLdeva  sandstone  are  lying  about,  and  have  protected  the  part  of  the  clays 
immediately  under  th^n  from  being  washed  away,  while  all  around  the  water 
has  eroded,  so  they  are  now  perched  on  pillars  of  various  height  and  thickness. 
A  footpath  winds  along  just  at  the  foot  of  the  hill,  from  Bdnpur  to  Sedpa^  and 
the  effect  is  as  of  an  avenue  of  columns  supporting  blocks  of  sandstone. 

Further  away  from  the  foot  of  the  hill  the  ground  is  very  much  broken  by 
nalas  washing  through  the  red  clays,  and  here,  especially  at  the  heads  of  the 
nalas,  most  picturesque  scenes  are  found,  produced  by  the  weathering  power  of 
the  water  rushing  down  from  the  hill-side ;  and  the  peculiamiy  of  the  scene  is 
heightened  by  the  bright  red  colour  of  the  clays  contrasting  with  the  vivid  green 
of  the  low  jungle,  consisting  mostly  of  young  sal  wood. 

In  the  neighbourhood  of  the  Kiraupdra  coal-fields  I  observed  two  pecu- 
liar forms  of  rock  which  deserve  passing  mention. 

FauU-TOck. — When  passing  down  the  Daini  gh&t  (from  the  Hazdrib&gh 
plateau),  a  thick  vein  of  peculiar  quartz  rock  is  crossed ;  this  rock  is  of  the 
same  kind  and  variety  as  that  described  by  Mr.  Y.  Ball  as  ''  pseudomorphic 
quartz,"  in  the  Blimgurh  coal-field.^  Mr.  Ball  quoted  it  under  the  heading  fault- 
rock,  and  also  here  it  has  to  be  considered  as  such ;  it  is  quite  close  to  the  north- 
eastern boundaiy  of  the  North  K&ranpiira  coal-field.  The  porcelain-like  plates 
are  very  distinctly  exhibited,  varying  in  thickness,  and  crossing  each  other  in 
the  most  peculiar  directions,  including  cavities  of  very  various  sizes,  the  walls  of 
which  are  either  smooth  or  covered  by  more  or  less  developed  crystals  of  quartz. 

A  quite  similar  rock,  though  of  somewhat  finer  structure,  also  occurs  on 
the  north-eastern  border  of  the  Karharb&ri  coal-field* 

^  Mem.  Q.  S.  I.,  Vol.  VI,  p.  128. 
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Bosses  near  Ednchi — (Plate  I).  Wliile  marching  from  Bai,  in  the  sontlieni 
part  of  the  K&ranptira  coal-field  vid  Tlidkurgann  to  B&nchi,  I  was  stmck  with 
ft  peculiar  feature  of  the  oonntiy  between  these  two  latter  places.  The  coontiy 
is  covered  with  small  rounded  hxHocks  of  metamorphio  rock,  entirely  smooth 
on  their  surface  and  composed  of  concentrical  layers,  as  is  clearly  shown  by  the 
outer  layer  and  sometimes  the  next  lower  one  too,  cracking  and  splitting  into 
slabs  of  various  sizes.  These  round  hillocks  of  dark  g^rey  colour,  emerging 
abruptly  from  the  ground  like  large  air  bubbles  solidified  as  soon  as  they 
appeared  on  the  surface,  give  the  country  a  peculiar  aspect.  They  are  generally 
entirely  barren,  the  surface  being  too  smooth  for  plants  taking  root ;  only  in  the 
cracks,  here  and  there  a  bunch  of  grass  or  a  small  shrub  settles  until,  by  the 
slabs  moving  down  the  smooth  surface,  even  these  meagre  representatives  of 
vegetation  get  uprooted  and  dislodged.  They  all  appear  to  consist  of  the  same 
kind  of  rock,  a  grey,  coarse  porphyritic  gneiss,  with  large  felspar  crystals. 
Sometimes  the  rock  is  finer  grained.  Similar  instances  appear  not  to  be  uncom- 
mon also  in  other  parts  of  India.  Mr.  Ball  described  these  "bosses*'  from 
H&nbhtim,^  and  it  was  indeed  through  his  paper  that  my  attention  was  drawn 
to  these  ''bosses*'  near  Th&kurgaun;  and  quite  recently  Mr.  Ball  drew  my 
attention  to  a  paper  by  Captain  Newbold,'  where  similar  phenomena  are  de- 
scribed from  South  India.  The  rock  is  noticed  as  '  dome  gneiss'  in  the  Survey 
Manual,  p.  20. 

As  I  had  a  good  opportunity  of  making  sketches  of  some  of  these  bosses, 
I  thought  it  useful  to  reproduce  the  best  instance  here*  (Plate  I).  This  boss, 
about  1  mile  north-west  of  Th&kurgaun,  quite  close  to  the  road,  is  about  60  feet 
high  and  about  900  in  diameter,  almost  quite  spherical  on  the  surface,  perfectly 
smooth,  with  the  uppermost  layer  burst  into  slabs  of  various  sizes,  the  slabs 
partly  still  lying  on  the  surface  of  the  layer  underneath,  which  presents  quite 
an  appearance  of  a  rock  polished  by  moving  ice.  The  layers  vary  in  thickness, 
seldom  exceeding  1  foot. 

I  may  mention  that  the  inhabitants  use  the  smooth  surface  for  economic 
purposes,  for  drying  grain,  grass  or  fruits  on;  the  slabs  also  are  made  use  of; 
amongst  others  the  people  (being  to  a  great  extent  Oraons)  use  them  for  monu- 
mental slabs. 

m.-'-AuEUNGA  COAL-MBLD. 

This  coal-field,  lying  to  the  west  of  the  K£ranp6ra  field,  and  so  named  from 
the  Auranga  river  (a  tributary  of  the  Koel),  was  surveyed  by  Mr.  Ball,^  who 
made  the  most  interesting  paleaontological  discoveiy  of  the  occurrence  of  plants, 
hitherto  considered  as  of  Lower  Gondwdna  type,  in  certain  red  shales,  of  appa- 
rently  Mahideva  type.  My  chief  object  in  visiting  this  field  was  to  see  this 
locality,  but  while  in  pursuit  of  this  object  I  had  an  opportunity  of  examining 

>  Scientific  Proc.  of  the  Dablin  Roy.  Society,  15th  December  1879. 

*  Jour.  Roy.  As.  Soc.,  London,  Vol.  VII,  p.  118  et  aeq.,  witb  figures. 

*  Tbe  sketch  is  absolutely  correct^  being  taken  with  the  camera. 
«  Mem.  G.  S.  I.,  Vol.  XV,  Part  1,  I87a 


■I. 


PABT  3.]         PBisrruANTBL  f  Haz&rib%h  and  Lob£rdagga  Districts.  251 

odier  localities  also,  some  of  equal  interest.  I  shall  proceed  again  in  strati- 
graphical  order :— » 

1. — Talchib  Diyision. 

Any  discoTery  of  fossils  in  this  gronp,  -which  has  hitherto  yielded  fossils  very 
l^lehir  Jb»sil9,  on        sparingly,  mnst  prove  of  much  interest ;  and  I  am  fortunate 
lAtiihar  hill.  in  being  able  to  introduce  a  quite  new  locality.     When 

at  Lafdahar,  and  while  in  search  of  the  red  shales  with  Damuda  fossils  in  a  stream 
on  the  northern  face  of  the  Latiahar  hill,  opposite  to  the  low  hill  of  Panripurai 
I  came,  at  the  head  of  the  stream,  suddenly  across  an  exposure  of  bedded  rocks 
about  8  feet  high,  reddish  in  general  appearance  -with  yellowish  greenish  tints. 
I  tried  it  with  the  hammer,  and  it  proved  to  be  bedded  sandy  micaceous  clay. 
At  first  I  thought  it  might  be  a  decomposed  condition  of  some  other  rocks,  but  it 
proved  of  the  same  consistence  throughout,  so  I  examined  it  closer,  and  found 
to  my  great  satisfaction  that  it  contained  fossils  of  the  Talohir  type. 

The  exposed  section  consists  of  the  following  strata  in  ascending  ordw  :— 

Feet  Inehet. 
At  the  haae  reddish  day,  ahont       ••••10 
A  band  of  purple  f  ermginons  sandstone  •••04 

Then  again  reddish  oUy 2        0 

Brownish  cky,  the  rest* 

I  was  in  the  Talchirs  between  Latiahar  and  Nowadih,  described  by  Mr.  Ball 
on  pp.  56,  57  of  his  report^  but  the  fossils  are  a  new  addition.  They  are  :— 

Equisetaceous  stalks. 

Ghmgamopteris  cyclopterotdeSy  Fstm.— Of  the  type  form. 

Oangam.  cydopteraideSy  -var.  «ii^(nmcuZata.— Amongst  others  one  entire 
leaf,  of  small  size,  but  -with  distinct  characters,  and  resembling 
entirely  one  from  the  Chino*Talchirs,  in  the  Kilranp6ra  coal-field. 

Oangam.  cyclopteraides,  var.  acumvnaJta. — The  forms  Hke  those  from  the 
Chfino-Talchirs. 

Oangam,  qfclopteraides,  var.  aUemuiia. 

Oangam,  cyclojpteroidesy  var.  eordiformis, — Small  leaflets  like  those  men- 
tioned from  the  Chino  basin,  showing  apparently  that  they  are 
pinnulaB  of  a  pinnate  leaf. 

Qanga/m,  comp.  spaJthalatay  Mo^Coj. — One  specimen  can  hardly  be  dis- 
tinguished from  this  form  of  the  Baochus-marsh  sandstones. 

NoggeraihiopHs  hislopiy  Bunb.  sp.  (Fstm.). 

Winged  seeds. — Like  those  mentioned  before  from  other  localities. 

Oangamopteris,  Mc'Goy,  in  its  various  forms,  is  thus  also  here  the  characteristic 
fossil,  the  others  being  only  subordinate ;  the  impressions  are  on  the  whole  very 
numerous ;  but  the  material  being  very  ^gile  when  first  removed  it  is  very 
difficult  to  get  tolerably  good  specimens  for  transport,  and  they  have  to  be  very 
carefully  handled  lest  the  impressions  should  be  rubbed  o£E.  After  some  time, 
however,  the  rock  got  pretty  consistent,  and  all  my  specimens  arrived  safely. 
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2. — Damuda  Division. 

While  on  the  whole  the  Damnda  rooks  in  this  field  have  the  same  characten 
as  in  the  coal-fields  of  the  Damuda  valleji  yet  in  one  place  the  lower  division 
exhibited  relations  which  prove  to  be  of  pecnliar  interest. 

Bardkar  Oroup, 

I  visited  outcrops  of  this  group  at  four  localities  in  different  parts  of  the  field, 
Outlier  north  of        ^^  onlj  one  yielded  a  good  number  of  fossils.    My  first  visit 
B^anagar.  ^ns  to  the  outlier  to  the  north  of  B&lunagar»  about  2  miles 

distant.  Mr.  Ball  describes  this  outlier  at  length  in  pp.  79-— 82  (Z.  c).  I  col- 
lected a  few  fragments  from  the  outcrops  in  the  river  to  the  north-west  of  the 
village  Dhurdhuria^  in  ascending  order:-— 

(a)  From  the  coal  seam — 

Verte^raria  indica^  Royle, 
(&)  From  iron  band  above— 

Olossopteris^  sp. — ^fragments, 
(c)  From  grey  shales  above  this — 

Vetebraria  mdica,  Boyle. 

Olo880^tert8  communis^  Fstm. 

Near  Murup,  west  of  BAlnnagar,  from  where  Mr.  Griesbach  brought  some 
Bor&kors  west  of  fossils  two  years  ago,  I   have  not  been  very  successful . 

Murup*  I  examined  the  outcrops  in  the  Sukri  river  west  of  Dhcu 

biajharan,  as  well  as  in  the  stream  joining  the  Sukri  west  of  that  village ;  but  in 
spite  of  the  most  careful  search  I  procured  only  Vertebraria  indica,  Royle,  in 
most  of  the  layers. 

I  found  similar  relations  in  the  southern  portion  of  the  field  near  Ju^ldufga 
Barftars  near  Jugul-  ^  *^®  Aurunga  river,  and  in  the  tributaiy  stream  south. 
dagg«»-  east  of  the  village.     The  outcrops  are  almost  all  fossili- 

f erons,  Vetehra/ria  tndiea,  Boyle,  being  the  only  fossil  met  with. 

BardJcars  in  the  Stikri  river^  north^w^  of  Serukf  toest  of  Ourtur} 

In  the  Sukri  river  east  and  south-east  of  BAjbar  the  beds  of  the  Barakar 
group  are  well  exposed,  and  they  proved  fossiliferous  and  important.  I  examined 
two  localities  in  the  river,  and  collected  the  fossils  separately  from  the  various 
beds,  as  they  follow  one  another  in  vertical  order  at  the  respective  spots  ;  from 
this  it  will  be  possible  to  correlate  the  beds  of  the  two  localities. 

Beds  east  of  Rijbar.  ^^®  ^"*  ^^^  ^*»  ^^®^  ^®  P*^^  ^^  Gurtur  to  My 

bar  crosses  the  Sukri  (east,  slightly  north,  of  Bdjbar). 

The  strata  and  their  fossils  are  as  follows,  in  ascending  order : 

(1.)  The  seam  crops  out  on  the  right  bank,  covered  by— 
(2.)  Dark  grey  shale  (about  2  feet  thick)  full  of— 

Vertebraria  indka,  Boyle—this  being  the  only  fossil  in  the  shale. 

»  Mr.  Ball  describes  these  rocks  on  p.  81  (I  c),  as  ironstone  at  Dhurdhuria. 
»  Mr.  Ball  describes  this  section  on  pp.  63,  64  of  his  report  (t  c). 
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The  otber  section  is  exposed  across  tlie  river,  on  the  left  bank,  beginnisg 
below  in  the  river,  with  the  dark  grey  shale,  followed  by«— 
(3.)  Light  grej  shale,  abont  4  feet  thick,  with — 

Vert^aria  indicctf  Boyle. 
OloasopterU,  sp. 

(4.)  Then  follow  a  complex  of  shales,  ironstone,  fermginons  sandy  shales, 
and  fermginons  bedded  sandstones,  which  I  consider  to  belong  to  the 
same  bed,  bnt  they  may.be  sub-divided  as  follows : — 
a.— Below,  brownish  yellowish  grey  shales,  about  1  foot ;  full  of  fossils. 
Vertehraria  indieay  Boyle. 

Sehisioneura  gmadwanemiSj  Fstm. — fragments  of  the  leaf-sheath, 
Olosaopteris  eomfiMiinia,  Fstm. 
Olossopt,  imdicoy  Schimp. 
Qhsaopt,  eompicuOf  Fstm. 
Olossopt,  da/mudiea,  Fstm. 
Qlossojpt  angustifolia,  Bgt. 
This  shale  resembles  one  from  near  Talohir,  in  the  Talchir  coal-field. 

^.^Brownand  purple  sandy  ironstone  band,  with   concretionary  struc- 
ture, containing— 

Olossopteris  community  Fstm. 
e. — ^To  this  succeeds  a  reddish-grey  sandy  shale  with— 
Veriebraria  vndioay  Boyle. 

The  state  of  preservation  of  this  fossil  deserves  special  notice.  The  harder 
snbstanoe  of  the  plant  is  replaced  by  a  brown  red  mass,  while  the  softer  tissue  dis- 
appeared, and  consequently  the  cross  sections  of  the  plaut  appear  on  the  reddish, 
grey  rock  as  star-like  markings  with  6 — 8  points,  while  the  longitudinal  sections 
appear  as  three  red  longitudinal  lines,  connected  at  intervals  by  cross  lines.  I  was 
shown  a  few  of  these  starlike  impressions  by  Mr.  Ball  before  I  left  Calcutta^ 
which  came  apparently  from  the  same  locality.  They  are  of  interest  in  so  far 
as  they  will  be  mentioned  again  from  the  section  at  the  other  locality. 

d. — ^These  sandy  shales  pass  at  last  into  bedded,  somewhat  ferruginous 
sandstones,  with— - 
Olosaopteris  eontmumSj  Fstm. 
Olossopt,  indica,  Schimper. 

(5.)  Light  gtey  shales  with  Vertebraria  and  Olossopteris. 
(6.)  Yellowish  shales  conclude  the  section  above. 

In  this  section,  as  well  as  in  the  following,  I  entirely  accept  Mr.  Ball's  strati, 
graphical  arrangement,  placing  the  rocks  in  the  Bardkar  group.  But  then  we 
have  the  interesting  fact  that  Sckixoneura  gondwanensisy  Fstm.,  is  again  procured 
from  the  Bardkars,  as  also  other  forms,  such  as  Olossopteris  conspicwiy  Fstm., 
which  have  hitherto  been  observed  in.  the  Baniganj  group  only. 

The  second  locality  in  the  Sukri  river,  about  f  miles  south-east  of  B&jbar,  and 

BaiAan  west  of  Qor-     the  same  distance  west  of  Gurtur,  showed  still  more  in- 

^'  ieresting  relations,  the  flora  not  only  including  typical 
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forms  of  a  higher  group  of  the  Lower  Oondw^maSy  but  alBo  some  others  hitherto 
knowD  only  from  beds  in  Siberia,  described  aa  of  jorassio  age,  as  well  as  another 
interesting  form.  The  beds,  from  which  fossils  were  taken  at  this  spot,  follow 
in  ascending  order,  thus — 

(1.)  The  lowest  bed  seen  is  grej  sandy  shale  with*— 
Verteibraria  indica^  Boyle. 

(The  seam  lies  somewhat  more  to  the  east^  dipping  below  the  above 
bed.) 
(2.)  Next  follow  ferroginoQS  sandstones  with — 
QloBBopterU  communis,  Fstm. 
The  veins  of  the  leaves  in  these  sandstones  are  of  red  ooloar,  and  the  whole 
has  somewhat  the  appearance  of  K&mthi  sandstones. 

(3.)  A  series  of  crashed  shales  of  bluish-grey  and  brownish  colour,  with 
ferruginous  sandstones  at  the  base,  as  also  interbedded. 
The  sandstones  contain^- 

Vertebraria  indicaj  Boyle,  with  the  same  characters  as  in  bed  4c  in 
the  preceding  section,  i.e.,  starlike  transverse  sections,  as  well  as 
longitudinal  skeletons  of  the  plant  in  red  ooloar. 
Ghssopteris  communis,  Fstm. — like  the  same  in  the  preceding  bed. 

In  the  crashed  shales  were  observed — 

Vertehraria  indica,  Boyle,  in  similar  state  of  preservation  as  in  the 

layers  of  sandstones,  but  of  brown  colour. 
Olossopteris  communis,  Fstm. 
Qlossojpt  indica,  Schimp. 
Qlossopt.  da/mudica,  Fstm. 
So  far  there  is  nothing  remarkable  regarding  the  fossils,  as  they  are  also 
known  from  the  Barakars  elsewhere,  excepting  perhaps  the  light  colours  of  the 
rocks  ;  but  the  crushed  shales  contain  towards  the  top — 

(3a.)  Lenticular  layers,  of  more  regularly  bedded  shales,  of  light  bluish-grey 
or  reddish-grey  colour,  which  contained  a  most  peculiar  association 
of  plants.  I  here  only  quote  their  names,  as  a  brief  notice  about  them 
all  is  given  further  on,  full  details  being  reserved  until  they  can 
all  be  figured : — 

Olossopteris  communis,  FstnL  ^ 

Ohssopt  indica,  Schimp.  >  The  usual  forms. 

Qlossopt.  damudica,  Fstm.       J 

Mdcrotcsniopteris  feddeni,  Fstm.-— Amongst  others  one  large  leaf. 

McuyrotoBniopt.  dcmwoides,  Boyle. — Fragments. 

Anomozamites  (^Pterophyllum)  halli,  n.  sp. — Several  specimens,   also 

the  top  of  the  leaf. 
Bhipidopsis  gingkoides,  Schmalh. — Several  leaves. 
CyclopUys  dickotoma,  n.  sp. — A  very  peculiar  fossiL 

(4.)  Again  a  ferruginous  band  with— 
Olossopteris  co^nmunis,  Fstm. 
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(5.)  Sandstones,  ferraginoas,  with— 
Olosiopteria  communiSf  Fstm., 
reminding  again  somewhat  of  K&mthi  specimena.     I  have  already  indicated 
above  how  it  is  possible  to  oorrolate  this  section  with  the  preceding  one.  . 

In  spite  of  the  peculiar  character  of  the  fossils  in  bed  3a,  I  think  there  can  be 
hardly  any  doubt  that  the  beds  in  this  section  also  belong  to  the  Bar4kar  gronp, 
for  the  iliiAktiflaa  of  the  wholQ.  section,  from  the  seam  below  up  to  the  top,  is  only 
about  18  feet,  and  the  seam  and  all  the  beds  having  the  same  steady  western  dip, 
ihey  must  pass  under  the  seams  in  the  Seruk  river,  south  of  Bajbcur,  which  are 
ako  Baiakars. 

As  I  have  mentioned  the  naonee  only  of  the  interesting  fossils  iubed  So^  of  the 

Hie  fomU  from  bed     seoood  section  hn  Uie  Sukri  river  (west  of  Ourtur)^  it  is 

fa  of  Ji^ieeUon.in  3iik-     necessary  to  add  some  speeial  remarks  on  them  in  order  to 

"  "^''  draw  due  attention  to  them  before  they  can  be  more  fully 

figond. 

FiLICBS. 

Genus :  OlossopteriSf  Bgt. 

This  genus  is  represented  by  three  species,  which  are  almost  equally  numerous 
throng  the  whole  Damuda  division.    They  are — 

OUmopterii  eommums^  Fstm.— broad  leaves ;  veins  passing  out  obliquely 

from  the  midrib ;  very  narrow  vein-nets  throughout  the  leaf. 
Qlo8sojftt,  indicOf  Schimp.^-broad  leaves ;  direction  of  veins  as  in  the 

former;  vein-nets  polygonal  near  the  midrib;  becoming  narrow 

and  oblong  toward  the  margin. 
Olossopt.  dcLmudica,  Fstm. — ^broad  leaves;  veins  passing  out  from  the 

midrib  almost  horizontally ;  nets  broad  and  polygonal  close  to  the 

midrib;  becoming  somewhat  narrower  and  oblong  towards  the 

margin. 

G«nus:  Macrotceniapteris,  Schimp. 

This  genus  is  largely  represented  in  the  Upper  Gt)ndw&nas,  especially  in  the 
Bijmahi^l  group.  Two  species  are  also  known  from  the  Lower  Gondwdnas, 
one  from  the  Omthis  only,  while  the  other  occurred  both  in  the  Bauiganj  and  Ba- 
rikar  groups,  and  has  just  been  quoted  by  me  from  the  iron  shales  of  the  South 
Kiranpuri  coal-field.     At  the  present  locality  two  species  were  met  with — 

Maeroksniopteris  fedcUnif  Fstm.  (pi.  II,  fig.  1).  Several  specimens,  one 
a  very  fine  leaf,  8(  inches  long  and  5  inches  broad ;  this  species  was 
first  collected  by  Mr.  Fedden  in  the  Kimthis  of  N&gpur;  it  was 
next  identified  by  me  among  the  specimens  from  the  Baniganj 
(K&mthi)  group,  near  Gur&ru,  on  the  Son  river,  in  South  Rewah, 
and  now  we  have  it  in  the  Bar&kars.  Thus,  like  Maerot.  danoBoides, 
Boyle,  it  occurs  throughout  the  Damuda  series 
MacrotoBniopteris  danosoides^  Boyle.-— There  are  several  fragments 
which  I  class  with  this  species,  although  they  bear  great  resem- 
blance also  to  some  of  the  Upper  Gondw&na  forms. 
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Gtoabeacba. 

Although  remains  of  cjcadeaceons  plants  are  no  longer  strangers  amongst 
the  fossils  of  the  Lower  Gbndw^nas,  yet  eveiy  addition  to  the  list  is  of  interest. 
I  have  collected  several  specimens  of  a  Zamiaie,  which  from  its  general  habitus  has 
to  be  considered  as  belonging  to  the  group  of  Pterophyllum,  This  has  lat^j  been 
Bub-diyided  into  several  genera,  and  from  the  fact  that  our  frond  has  unequal  leaf- 
lets, in  which  the  veins  are  several  times  forked,  we  cannot  assign  it  to  Ptero>phyl' 
lum  in  the  restricted  sense,  but  will  have  to  place  it  with  another  genus-^best 
with  AnomeamUes,  Sohimper,  as  described  by  this  author,  in  1870-72,^  while  in  a 
recent  publication^  (1880)  he  has  again  separated  certain  forms  and  placed  them 
in  a  sub-genus.  For  the  present  purpose  the  first  name  will  be  sufficient.  Our 
specimens  represent  a  new  species  which  I  purpose  to  call— 

Awomozamites  (Pterophyllum)  haUif^  n.  sp.  (pi.  II,  figs*  3,  4).-— This 
ftoad  appears  to  have  been  middle-sized,  the  leaflets  almost  at  right 
angles  to  the  rhachis,  which  is  transversely  wrinkled ;  leaflets  at  the 
apex  truncate,  joined  at  the  base,  veins  6-8  all  foriced  from  the  base, 
and  the  branches  forked  again  once  and  even  twice.  This  descrip- 
tion maybe  sufficient  for  the  present :  all  other  particulars,  with  affi- 
nities and  differences,  will  be  pointed  out,  when  all  the  figures  can 
be  given.  -  I  may  only  add  Qiat  AnomozamMesiB  largely  represented 
in  the  Upper  Gt>ndw4na8,  as  altogether  it  is  a  mesoeoio  genus. 

Thus  we  have  a  Pterophylhitn^  from  the  Baniganj  group  (Baniganj  field)  and 
a  Pterophyllvm-'like  Zamiaaa  from  the  Barikars ;  then  there  is  OlossozmnUes  in  the 
Earharb&ri  beds,  while  NdggerathiopsiSf  Fstm.,  (Bhiptozamites,  Schmalh.)  passes 
from  the  Talchir  shales  up  into  the  MaMdeva  series. 

CONIFBRA. 

There  have  recently  been  described  from  Siberia  a  great  varieiy  of  peculiar 
coniferous  plants  ;  some  of  them,  which  were  formerly  mistaken  for  Oyclopteris- 
like  fern  leaves,  have  still  an  analogous  form  in  the  living  fiora  in  SctUsburta  or 
Oingko  of  China  and  Japan.     These  forms  are  comprised  under  the  name  of — 

Salisburibj;. 
Amongst  the  fossils  from  the  Sukri  river  there  are  several  leaves  identical 
with  a  species  recently  described  from  the  Jurassic^  of  the  Petchora  country^ — 

1  Trait,  de.  Ttl.  T^t,  Vol.  n,  1870-72. 
'  Handbnob  der  Palaontologie  by  Scbimper  and  Zittle,  Vol.  II. 

>  ThiB  foBsil  establifllies  tbe  occnrreDce  of  Cyeadeaeem  in  the  Lower  Qondwdnas  beyond  waj 
doubt. 

*  FterophylL  Burdwauense,  Fstm. 

*  I  use  this  designation  according  to  the  describer's  (Prof.  SchmaThaosen)  classiAcatioii.  None 
of  the  competent  reviewers  (Terhandl.  d.  K.  K.  G.  Reichsaostalt*  1879,  p.  208;  Geyler  in  K. 
Jahrb.,  Min.  and  Geologies  1879,  p.  1007 ;  Hear  in  Botanisehea  Oentralbkitt,  188(^  pp.  11—18) 
have  donbted  bis  determinations. 

*  Schmalhausen,  Beiti^-  2<  Jnrafl.  Busslands,  1879.  Mem.,  Acad.  Imp.,  sc^  Petersbourg,  XXVI, 
4,  p.  60  et  teq. 
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Ekipidoptis  gvngkaides,  Sohmalli.  (pi.  II,  fig.  2).    These  are  Gingko-like 

leaTes,  yeiy  deeply  inciBed,  with  bij.  (o  ten  segments^-the  segmentB 

of  variable  shape,  the  outer  ones  smaller,  the  middle  ones  mncfa 

longer,  cuneiform  with  obtusely  rounded  apex.    The  veins  pass  out 

from  the  base,  and  ore  thence  several  times  forked. 

Our  leaves  are  on  the  whole  smaller  than  the  Russian  ones,  but  one  leaf 

from  the  Petchora  country^  is  pretty  nearly  of  the  same  size  as  our  leaves,  four 

of  which  are  preserved  in  such  a  position  that  if  entirely  exhibited  the  stalks 

would  join  in  one  point  on  the  branclL     I  figure  one  leaf  only  at  jiresent^-the 

entire  specimen  will  be  figured  later. 

There  is  another  foBsil,  which  apparently  also  belongs  to  the  GKngko-like 
Om^en  with  more  split  leaves,  but  I  am  afraid  it  is  too  indistinctly  preserved 
to  allow  of  an  identification*  I  shall,  however,  try  and  give  a  figure  of  it  here- 
after. 

Taxodiea. 
Genus':  OyclopUys,  Schmalh. 

Under  this  name  a  coniferous  plant  was  described  by  Prof.  Schmalhausen' 
from  the  jurassics  of  the  Kusnezk  basin,  which  bears  the  following  character : — 
"  Folia  verttGillataf  deplanato  Unearia,  aptc€  acuta,  nerve  medio  validoper' 
cfursOf  transverse  tenuisisme  rugulosa  "  (Schmalh.). 
Exactly  the  same  characters  are  exhibited  in  several  specimens  of  a  plant, 
associated  with  the  preceding  ones—except  that  the  verticiUate  leaves  are  dicho- 
tomous — this  may  of  course  be  considered  as  a  specific  dijfference,  and  the  plant 
will  be  distinguished  as — 

Gyclopibys  diehotoma,  n.  sp.     One  specimen  shows  the  stalk  preserved 

and  distinctly  the  verticiUate  insertion  of  the  leaves — ^these  are 

longer  than  in  the  Siberian  species,  and  dichotomously  forked,  but 

there  is  only  one  central  vein,  and  the  leaves  are  finely  wrinkled 

transversely. 

Here  ends  this  interesting  flora,  not  only  interesting  by  the  occurrence  of 

forms  of  higher  Gondw&ia  groups  in  the  Bardkar  group,  but  also  of  peculiar 

plants,  described  first  from  the  Siberian  and  Russian  jurassics. 

B, — Baniganj  Oroup. 
The  peculiarities  of  this  group,  especially  in  relation  to  the   Pancheta,  are 
Bttiganj  foifUf  north    sufficiently  described  by  Mr.  Ball  (L  c,  pp.  82,  83  et  wg.), 
of  Jagaldngga.  from  which  it  appears  that  there  is  no  marked  unconform- 

ity between  these  two  groups ;  these  relations  are  similar  to  those  in  other  fields. 
The  group  here  did  not,  however,  prove  very  fossiliferous.  As  I  did  not  find  any 
fossils  in  the  Raniganj  group,  in  the  Sukri  liver,  west  of  Tubed,  the  next  most 
likely  place  to  find  any  appeared  in  the  small  area  north  of  Jaguldugga,  in  the 
river*bed  traversing  that  area  from  east  to  west ;  and  this  supposition  proved 

»  X.  c,  H.  VIII,  fig.  6.  «  X.  c,  p.  89. 
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correct.  The  outcrops  dip  to  the  aoath,  And  the  beda  ezpoeed  below  the  coal-seam 
were :  dose-bedded,  grej  sandstones,  grey  sandy  shales,  and  grey  oarbonaceons 
shales. 

These  latter  contain  namerons  fossils,  bat  as  Ihe  shale  was  yery  fragile,  in 
consequence  of  its  cropping  oat  in  the  river-bed  and  being  soaked  with  water, 
it  was  only  with  diffioalty  that  I  secured  some  fragmentaiy  speoimena.^  I  could, 
however,  observe  the  following  species  :— 

BcMaoneura  gandtvansMiSf  Fstm. 

Vertebrcuria  indieat  Boyle. 

SquisekLceoua  stalks, 

Maor^cmHop^erU  dandBoidia^  Boyle. 

Ol&»9opt0riB  mgufit^Ua,  BgL 

Oloatqpt.  commtimef  Fstsu 

Olossopt  cofupumOf  Fstm. 

SquamcB. 
The  rock  in  which  these  fossils  occar  reminded  me  very  much  of  the  Bani- 
ganj  beds  south  of  Tandway  in  the  K4ranpdra  Coal-fiekL,  and  in  the  Nunia  river, 
north-west  of  Assensole,  having  similar  fossils  and  similar  relations  with  regard 
to  the  overlying  Panchet  rocks. 

3. — Paiychbt  Division, 
No  fossils  were  observed  in  the  Panchet  rocks. 

4 — ^MahXdeva  Sbbibs  (Uppbb  GoirDwiNAs). 

Next  to  the  fossils  described  above  from  the  Bariikars  in  the  Sukri  river, 
near  (half  a  mile  west  of)  Gurtur,  those  occurring  in  certain  red  shales  of  ap- 
parently Mah^eva  age  are  of  greatest  importance  on  account  of  their  Lower 
Gondw^ma  character. 

Mr.  Ball  was  the  first  to  discover  them,  and  I  had  the  pleasure  of  determin- 
ing  them  for  him.  In  his  geology  of  the  Auranga  coal-field,'  p&go  89,  they  are 
quoted  under  the  heading  of  "  Mahideva  Series,"  and  the  following  is  said  aboat 
them :"....  They  are  overlaid  by  whitish  sandstones  of  somewhat 
doubtful  character,  but  higher  on  the  slope  are  very  similar  red  shales  belonging 
to  the  Mah&devaa.*'  But  Mr.  Ball  did  not  positively  assign  them  to  the  MahiU 
devas.  The  fossils  were  of  the  following  genera:  VertebrartOf  Olossopteris^ 
Pecopteris  (  P  ),  peculiar  scales,'  and  small  seeds — plants,  as  hitherto  known  from 
the  Damudas  only. 

In  my  Damuda-Panchet  Flora,^  P^^  ^»  ^  described  these  fossils  as  from  a 
doubtful  position ;  but  considering  their  Damuda  type,  and  at  the  same  time  the 
apparent  higher  stratigraphical  position,  I  thought  best  to  at  them  as  belong- 
ing to  the  Panchet  group. 

'  Several  <ii  t^ese  got  broken  before  they  arrived  in  Galcntiau 

s  Mem.  O.  8.  I^  Vol.  XV,  Pt  1, 1878. 

3  Common  in  the  Raniganj  gronp  and  mentioned  by  me  as  "  Squama  cycadeamm." 

*  Pal.  Indlca,  Qondwfcna  Flora,  Vol  III,  Pt.  1, 1880. 
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To  see  this  Icxsality  was  one  of  the  chief  objects  of  1117  Tisit  to  the  Anranga 
eonl-field.  Not  knowing  the  exact  x>osition  I  examined  several  sections  on  the 
northern  face  of  the  Latiahar  hill.  Pieces  of  the  shale  are  fonnd  at  the  foot  of  the 
hill,  especially  in  the  nalas.  Following  them  up  the  hill  they  increase  in  nnmber 
and  in  size.  These  are  of  great  variety ;  some  pieces  very  fine  grained  and  tonght 
earthy,  others  soft  and  mlcaceons  with  every  intermediate  variety.  Some  pieces  I 
found  adhering  to  aloose  reddish  sandstone  of  Mah&deva  type ;  bat  for  a  long  time 
I  could  not  find  them  in  8itu.  All  were  full  of  plant  impressions.  At  a  certain 
horizon,  about  30  or  40  feet  below  the  crest  of  the  hiH,  the  shales  entirely  disap- 
peared, and  no  sign  of  them  occurs  higher  up  between  the  sandstones.  Thus  I 
was  certain  that  this  shale  must  have  been  washed  down  from  that  horizon.  In 
following  that  line  below  the  crest  of  the  hill  further  to  the  east  I  arrived  at  a 
wall,  about  15  feet  high,  of  sandstone  m  aiiu,  apparently  the  same  Mahideva  sand- 
stone of  which  the  hill  was  composed,  a  coarse,  brown  red  sandstone.  Below  it 
here  is  a  bed  of  about  6  inches  of  red  shale,  of  the  micaceous  variety,  and  entirely 
the  same  as  the  pieces  found  on  the  hill  slope  containing  the  fossils.  Here  there- 
fore the  shale  was  in  siiUj  immediately  below  the  sandstone ;  and  although  at 
this  spot  I  could  not  observe  any  fossils  in  it  (it  was  badly  accessible  for  work),  I 
have  no  doubt  that  it  is  a  portion  of  the  shale-bed  from  which  the  pieces,  lying 
all  over  the  hill  slope,  are  derived ;  thus  these  shales  would  really  belong  to 
the  MahAdeva  series. 

This  conclusion  is  supported  by  observations  from  the  South  Bewah  field, 
where  Mr.  Hughes  collected  fossils  hei  year  at  a  place  called  Parsora  (near  Beli), 
in  the  SohiLgpur  area.  They  are  preserved  in  red  shales,  exactly  like  some  of  those 
from  the  Ijatiahar  hill,  and  amongst  the  fossils  there  were  specimens  of  Noggera- 
thiopnt  hialopif  Bunb.  From  these  circumstances  I  also  referred  them  to  the 
Paoohets  (as  I  could  not  well  place  them  with  the  Damuda  division,  and  to  class 
them  with  Upper  Oondw&na  appeared  to  me  somewhat  bold).  But  in  his  notes 
on  the  South  Bewah  (Sondw&na  basin,  ^  Mr.  Hughes  decided  (from  a  stratigraphi- 
eal  point  of  view)  for  the  Mahadeva  horizon  of  those  shales,  thus  giving  a  range 
for  noggeratkiopsii  into  the  Upper  Ckmdw&nas. 

We  have,  therefore,  at  these  two  localities,  in  beds  of  apparently  Mah&deva 
age  (Upper  Gondw&nas),  certain  fossils  which  have  hitherto  been  considered  as 
Lower  Oondwina  fossils.*  There  is  no  doubt  about  the  fossils  I  have  brought 
being  identical  with  those  of  Mr.  Ball,  although  Mr.  Ball  tells  me  that  he  got  his 
farther  to  east  of  my  locality,  still  the  horizon  must  be  the  same,  the  mineralogical 
character  of  the  shale  being  so  identical,  and  the  remains  also  the  same.  I  col- 
lected the  following  fossils,  contained  also  in  Mr.  Ball's  collection : — > 

Vertt^aria  indica^  Boyle. 
Oloasopteris  eommnnis,  Fstm. 
Olosst^teris  damudica^  Fstm. 
Small  winged  seeds. 

1  BecordB  O.  S.  I.,  Vol.  XIV,  p.  182. 

*  We  most  esclude  Qlonopterii,  as  this  genos  has  already  before  been  ascertained  fron  the 
Jabalp6r  group. 
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Additional  to  these  I  observed— 

Schizoneura  gondwanensiSf  Fstm.— Although  only  a  portion  of  the  sheath 
is  preserved,  there  is  no  donbt  about  its  being  of  this  species,  the 
commissural  lines  of  the  leaflets  as  well  as  their  middle  veins  are 
-well  seen. 
OangamopteriSf  sp. — Several  small  spatulute  leaflets,  with  a  venation 
radiating  from  the  base  (without  anj  midrib),  and  forming  anasto- 
moses, thus  exhibiting  the  characters  of  the  genus  Ghmgamapteris^ 
to  which  they  most  probably  belong. 
Additional  to  these  there  were  amongst  Mr.  Ball's  fossils,  not  observed  by 
me  this  time — 

iSca^like  leaflets,  entirely  like  some  from  the  Raniganj   group,  and 
which  I  have  quoted  as  scales  of  oycadeaceous  plants. 
We  Tuws  iheuj  taking  ciUo  Mr.  HtMjhes^  locality  m  South-Bewak  into  eoneidera- 
tiorif  two  instances,  where  Lower  Oondwdna  {Damnda)  plants  pass  into  rocks,  of 
apparently  Upper  Oondwdna  (Mahddeva)  age. 

The  palaBontological  results  of  my  field-work  may  be  briefly  summarised 
thus: — 

(1.)  The  Talchirs  of  the  Gh&no  basin,  north-east  of  K^ranptira  coal-field, 
were  found  richly  f ossiliferous,  and  several  new  forms  were  col- 
lected, amongst  others  a  true  Oangamopteris  ohliqua,  Mc'Coy. 
A  new  locality  for  Talchir  fossils  was  discovered  in  the  Auranga  coal- 
field, north  face  of  the  Latiahar  hill. 
In  the  Karharbdri  beds  of  the  Karharbdri  coal-field  fossils  were  col- 
lected at  a  new  shaft,  and  a  true  Oangamopteris  obUqtMj  Mc*Coy, 
was  observed  at  a  former  locaHfy. 

The  Bardkars  of  the  North  KdranpAra  coal-field  showed  the  same 

relations  as  those  in  the  Banig^j  field. 
In  the  Auranga  coal-field,  at  one  locality  (Sukri  river  near  Chirtnr)  the 
Bardkars  yielded  interesting  fossils,  showing  an  association  of 
OlossopteriSf  and  a  K£mthi  Ma4:rotoBniiopteriSf^  with  a  true  cjca- 
deaceous  plant  {PterophyUum  Anomozamdtes)  and  coniferous  plants, 
elsewhere  known  only  from  juraasic  beds. 

(3.)  In  the  iron  shales  of  the  South  KiranptSra  coal-field  numerons 
though  fragmentary  fossils  were  collected. 

(4.)  The  Baniganj  group-fossils  of  these  fields  showed  the  same  rela- 
tions as  in  the  other  Bengal  coal-fields. 

(5.)  No  fossils  were  observed  in  the  Panchets,  but    fine  instances  of 
weathering  action  in  the  red  clays  of  the  Panchets  were  noticed. 

(6.)  Further  observations  were  made  (in  continuation  of   Mr.  Ball's 

original  examination)  as  regards  the  red  shales  on  the  northern 

face  of  the  Latiahar  hill,   and  they .  appear  to  place   it  almost 

beyond   doubt  that  the  shales  belong  to  the  Upper  Gondwanas 
(Mahildevas). 

*  Maeroteeniopteris  feddeni,  Fstm.,  from  tbo  Ki^mthis  of  N^pnr  nnd  from  the  RanigAtij 
group  of  Gur&ni  on  the  Son  river. 
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Systematical  list  of  thb  fossils. 

I  add  now  a  list  of  the  fossils  mentioned  in  the  foregoing  pages,  showing  in 
columns  their  range.  I  also  include  the  fossils  from  Parsora,  Sohdgpnr  district, 
Sonth  Rewah,  as  coming  from  the  Mahddeva  series.  For  designation  of  the 
localities  I  shall  use  the  names  of  the  coal-fields  only,  with  the  following  abbre- 
viations :— 

Karh.  =  for  Karharb4ri  coal-field. 

Eliiranp.  =  for  Karinpdra  coal-field. 

8.  K&r.  =  for  Sonth  Kardnpura  coal-field. 

Anr.  =  for  Auranga  coal-field. 

S.  B. :_  for  South  Bewah  Oondw&na  basin. 


GONDWANA  system  in  INDIA, 

LOWBB  PORTION. 

Upper 

PORTION. 

Kaxbs  of  Fossils. 

Talohir  Division. 

Damnda  Division. 

MftliAdoirA 

Talohir 
shales. 

Earliar- 
bari  beds. 

Bar&kar 
jfronp. 

Iron 
shales. 

Baniganj 
gronp. 

series. 

Equisktacbjb. 

Bipitietaeeoug  stalks 

PkyUotheeat  n.  sp. 

Sckitoneura          gondwanensis, 

Fstm. 
VerUbraria  indiea,  Boyle 

FlLlCSB. 

Cyathea       TchihaUh^        (V 

Schnialh. 
ThinV^tcUo,  sp. 
2>ajuBDp*w  hvghetXy  Fstm. 
Gangamapterii     cyelopteroides, 

Fstm. 
QdngafMpieris     eydopteroidet. 

Tar.  acwmnata. 
Qangamopieris     eydopf^roides, 

vara  attenuata. 
Gangamopteria      cycl&pteroides, 

▼ar.  cordifoHck, 
Gangmmopterit     cydopUroides, 

▼ar.  crasiinervU, 
Gangamopterit     evcTopUroides, 

▼ar.  gujbauriculata, 
OangamopU    burtcidua,    Fstm. 
GangamopL     nunguitifoUa^  Mo' 

Coy. 
QangamopU  chlAqpka,  ^^0*001^  ... 
GangamopU  oomp.  apathuCata^ 

Mc'Coy. 
Gaiigamopt.  m^or,  Fstm. 
Gangamt^terU,  sp. 
Gangamapterit,  sp. 
Glouopteru  anffUsHfoUct,    Bgt. 

QloMiopi,  oowmunx9i  Fstm. 

E^np. 

Anr. 
EAranp. 

... 

••• 

••• 

.«• 

... 
E&ranp. 
Anr. 
Eium^. 
Anr. 
E&ranp. 
Anr. 
E&ranp. 
Anr. 
E4ranp. 

EAcanp. 
Anr. 
Ei&ranp. 
Earanp. 

EAranpb 
Anr. 

E4ranp. 

•*• 

a  •  a 
•  •1 

E&ranpa 

Earh. 

•  •• 

•  •• 

••• 

•  «  • 

Earh. 

... 
... 
••• 

... 
.*• 

•  •a 
... 

Earh. 
••. 

... 

■•• 
•*. 
... 

Earh. 

■  «• 

•  •• 

Anr. 

E^banp. 
Anr. 

•  • 

•  •• 

•  •  ■ 

•  •  • 
••• 
••• 

•  •  • 

•  •  • 

•  • » 

•  a  • 

•  •  • 

•  •• 

•  •  • 

•  t« 

Anr. 

Earanp. 

Anr. 

S.  E&r. 

••• 

■  •■ 

•  •  • 

••• 

••• 

•  •  • 

•  «  a 

••« 

•  •« 

•  «  • 
t  •  • 

•  •• 

•  •  • 

•  •• 

■  •• 

•  •• 

S.  E&r. 
S.  E&r. 
S.  Kir. 

Anr. 

•  ■  • 

E&ranp. 
Anr. 
E&ranp. 
Anr. 

Edranp. 

••• 

... 
... 

..• 

••• 

•«* 

••• 

••• 

•«. 
••• 

••• 
*•• 

**• 

... 

... 
Eibanp. 
Anr.  • 
Earanp. 
Anr. 

aft* 
«  •  • 

Anr. 
Anr. 

I*. 

S.B. 
S.B. 

... 

!•• 
... 

•  >• 
... 

•  ■* 

... 

... 

... 
..• 

... 
«  .a 

Anr. 

••• 

Anr. 
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NaXBS  OV  FOBSIXif. 


Olosaopi,  eommvmis,  yar.  tteno- 

neura, 
Olos$opter%8  indiea^  Solamp 

0lo89opt.  retifera,  Fstm. 
QVoMopt.  cont^picua,  Fatm. 

Qlouopi.  dami4€Uca,  Fstm. 
GloMop^ /ormo^Oi  Fstm. 
Ohsaopteria,  ap. 

MacrotcBniopt^ri8  feddeni,  Fstm. 
Mctcrot.  daruBoidet.  Boyle 
Dictyopieriditvm  (9)  ap. 

Ctcadxacxa. 
AnomoBamites      (Pterophyllnm) 

halli,  n.  sp. 
Noggerathiopaia   hialopi,  Fatm. 

CowifercB. 
Bhipidopsit  gingkoidet,  Sohmalh 
Cyclopias  dichototna,  n.  sp.    ... 
BosJes  (BadUcAT  type) 
Softlea  (Baniganj  type) 

Sbeoa. 
SamcMTopiis,  sp.       ...  •.. 

Samaropng,  sp.  ••• 


gondwAna  system  in  INDU. 


LOWIB  FOBTIOV. 


Talohir  Diyimon. 


Talohir 
shales. 


K4ranp. 


Karliar- 
baribeds. 


Damada  Diviaion. 


Barftar 
group. 


I 


•  •• 


Kftranp. 
Anr. 


Kranp. 
Anr. 


Karh. 


••* 


KAranp. 

K&ranp. 
Anr. 

•  •  • 

Anr. 
Anr. 


Anr. 
Anr. 


Anr^ 
Kliranp. 


Anr. 
Anr. 
EAranp. 


Iron 
shales. 


Baniganj 
group. 


S.  Kar. 

S.E^. 
S,  Eir. 

S.E^r. 


S.  Eir. 


B.  E  r. 


Eiknmp. 

Eacanp. 

Earanp. 

Anr. 

Earanp. 

Eiranp. 


Upph 

POBTIOH. 


Uah^era 
series. 


K&ranp. 


Anr. 


••• 


S.B. 


S.  Eibr. 


Earanp. 
Anr. 

Etoap. 


Anr. 


Anr. 


I  also  add  a  separate  list  of  the  localitiba  according  to  the  groups  at  which 
fossils  occured  :— 

Talchib  Group. 

Eikha,  2  miles  west-north-west  of,  in  the  Ch4no  basin,  eastern  portion 
of  the  North  Kilranp&ra  ooal-field,  in  the  river  formed  bj  the  junc- 
tion of  the  Lamnga  and  Tord&g  streams,  about  16  miles  south 
a  little  by  west  of  Haadrib&gh.     Fossils,  see  antey  pages  243-246. 

Latiahar  hill,  northern  face  of,  1|  miles  north-east  of  Tuppa  Latia- 
har,  sub-division  Palamow,  Loh&rdagga  district,  Auranga  coal-field. 
Fossils,  see  ante,  page  251. 

Pass&rahhia,  Karharbiri  coal-field,  shaft  No.  2dD,  third  seam.  Fossils 
see  ante,  pages  241-242. 

BarXkab  Oboup. 

Ardhura,  Ghui  river,  near,  1  mile  south  of  Jugra,  11  miles  south- 
west of  Haz&rib&gh,  North  E£ranp<ira  coed-field.  Fossils,  see  ante, 
page  246. 
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Biahwfij^T  riyer,  3^  miles  sonth-easii  of  Baldmath  and  1  mile  south- 
east of  village  Belwadfh,  north-west  part  of  North  Kdranptira 
coal-field.     Fossils,  see  aaite,  pag^  246-247. 

J5aMn€Lgur  outlier,  1^  miles  north  of,  at  the  north-east  extremity  of  the 
Anranga  coal-field,  Palamow  division,  district  Loh&rdagga.  Fossils, 
see  amie,  page  252. 

Jtfurup,  Snkri  river,  west  of;  northern  nuurgin  of  the  Auranga  coal- 
field-^(Murup  is  4^  miles  west  of  Balonagor).  Fossils,  see  ante, 
page  252. 

^aguldagga  (about  6|  miles  east  of  Tuppa  Latiahar),  Auranga  river 
and  adjoining  (eastern)  stream,  south  and  south»east  of  Auranga 
coal-field,  252. 

^vkii  river,  2|  miles  north-west  of  Semk  (or  f  miles  east  and  south- 
east of  B&jbar),  north-east  comer  of  the  Auranga  coal-field. 
Fossils,  see  amie,  pagos  25^257. 

Ibonshales. 

Jainagur,  in  the  South  Kdranpiira  coal-field,  on  the  lIQ'aikori  river,  about 
25  miles  south  of  Haz&ribdgh,  close  to  the  road  from  this  place  to 
Banchi.     Fossils,  see  cmte,  page  247. 

Banigilkj  Gboup. 

Tundtoa,  Qnrhee  river,  2  miles  south-east  of.  North  Kiiranpiira  coal- 
field.   Fossils,  see  ante,  page  248. 

Burgaan,  Ganeshpur  river,  2  miles  west  of  (below  Nuwada  village). 
North  Kiranpura  coal-field  (Burgaon  lies  on  the  south-western  foot 
of  the  S^tpahri  hill).     Fossils,  see  ante,  pages  248-249. 

Jaguldagga  inljer,  1^  miles  north  of,  in  the  Auranga  coal-field  (See 
above).     Fossils,  see  ante,  page,257. 

MahXdeva  sibies. 

LatiaJiar  hill,  northern  face  of,  close  to  the  crest  of  the  hill,  Auranga 

coal-field.    Fossils,  see  a/nte,  pages  258-260. 
Under  this  heading  is  now  also  to  be  included  the  following  locality : — 
Parsora,  near  Beli,  about  6  miles  north-north-east  of    P41i,  Sotdgpnr 

district,    South   Bewah    Gondw^na    basin.     For  the   fossils    s^ 

Records  G.  S.  I.,  Vol.  XIII,  part.  3,  page  187.     (I  placed  them 

with  the  Panchets.) 


Undescribed   Fossil  Camivora  from   the  Siwalik  Hills  m  the    Collection  of  the 
British  Museum.    By  P.  N.  Bose,  Esq.,  B.  Sc.  (Loud.),  F.  G.  S. 

A  paper  of  mine  with  the  above  title  was  published  in  the  Quarterly  Journal 
of  the  Geological  Society  of  London  for  1880  (Vol.  XXXVI,  p.  119,  &c.). 
Although  dealing  chiefly  with  the  subject  specified,  I  ventured,  in  the  Introduction, 
to  discuss  briefly  the  broad  question  of    the  age  of    the  Siwalik  fauna,  advocating 
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the  older  view  of  its  miocene  age,  as  opposed  to  the  pliocene  age  recently  hronght 
forward  by  the  Geological  Survey  of  India.  This  veiy  natarallj  led  to  a  criticism 
of  my  paper  in  the  Becords  of  the  Snrvey  (1881,  VoL  XIV,  p.  57)  hy  Mr, 
Lydekker,  who  has  been  for  some  time  engaged  upon  the  description  of  the 
Siwalik  fossils  in  the  Survey  collections.  As  now  myself  a  member  of  the 
Survey,  I  may  claim  to  make  a  brief  reply  in  the  same  publication  to  some 
of  Mr.  Lydekker's  criticisms. 

Upon  the  contention  I  have  just  mentioned  I  am  not  prepared  to  make 
a  stand,  although,  as  embodying  the  results  of  the  detailed  paleeontological  work, 
it  would  be  looked  upon  as  the  most  important  and  interesting  part  of  my  paper. 
It,  however,  largely  involved  collateral  information,  and  here  Mr.  Lydekker  had 
immensely  the  advantage  of  me,  in  an  extensive  personal  acquaintance  with  the 
Siwalik  rocks,  and  with  what  is  known  of  the  distribution  of  fossils  in  them. 
I  will  even  admit  that  he  has  greatly  shaken  my  confidence  in  the  position  I 
had  taken  up,  so  it  is  hardly  worth  while  to  grumble  at  the  scanty  notice  he  has 
taken  of  the  qualifying  clauses  I  was  careful  to  introduce  regarding  the  presence 
of  pliocene  forms  in  the  Siwalik  fauna  and  of  pliocene  deposits  within  the  Siwa- 
lik series. 

It  is  different  when  we  come  to  the  narrower  ground  of  purely  palaBontologi- 
cal  work.  Here  again  we  have  to  distinguish  the  matter  and  the  form.  The 
question  of  the  creation  of  species  is  now-a-dajs  rationally  elastic,  it  being 
to  some  extent  an  optional  point  of  tact,  of  convenience,  or  of  method 
where  and  how  often  we  shall  mark  stages  in  the  process  of  change  by  giving 
specific  value  to  degrees  of  modification.  Had  Mr.  Lydekker's  rejection  of  some 
of  the  species  described  in  my  paper  been  based  upon  such  a  difference  of 
opinion  after  a  full  exposition  of  the  facts,  I  should  have  nothing  to  complain 
of.  Such  is,  however,  far  from  being  the  case,  and  I  feel  bound  to  record 
a  remonstrance  at  the  manner  in  which  my  descriptions  are  disposed  of  in 
Mr.  Lydekker's  note.     I  take  each  case  separately. 

Canis  Curvipalatus. 

Mr.  Lydekker  says :  '*  There  is  no  figure  given  of  the  specimen  on  which  the 
species  is  founded,  neither  are  any  dimensions  appended,  while  the  description  is 
of  the  most  meagre  kind."  With  regard  to  the  first  part  of  this  rather  categori- 
cal indictment,  our  critic  is  perhaps  not  aware  that  it  is  contrary  to  the  practice 
of  the  Geological  Society  to  reproduce  figures.^  As  the  dimensions  have  been 
given  by  Baker  and  Durand  in  the  Journal  of  the  Asiatic  Society  of  Bengal,  and 
quoted  in  Falconer's  "PalaDontological  Memoirs,"*  and  as  my  descriptions  were  not 
intended  for  readers  to  whom  neither  of  these  works  is  accessible,  I  contented 
myself  simply  with  giving  references  to  them. 

Now  to  the  third  charge.  If  space  were  the  test  of  meagreness  or  not 
meagreness,  I  am  afraid  I  must  plead  guilty,  as  I  strove  hard  to  be  as  concise 
as  possible  consistently  with  clearness.     But,  perhaps,  the  reader  will  have  some 

1  The  specimen  is  figured  in  tbe  Journal  of  the  Asiatic  Society  of  Bengal  for  1836. 
*^  Pp.  Qit.t  I,  p.  341. 
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oUier  standard  to  apply.  I  shall,  therefore,  crave  his  indulgence  to  state  my  case* 
After  mentioning  the  chief  points  in  the  comparison  instituted  by  Messrs.  Baker 
and  Durand  between  the  fossil  and  a  living  Indian  Fox,  viz,^  that  the  former 
differed  from  the  latter,  (a)  in  the  greater  breadth  of  the  brain  case,  (f>)  the  height 
and  thickness  of  the  lamboidal  crest,  (c)  the  greater  concavity  and  size  of 
the  post  orbital  processes  of  the  frontal,  and  (d)  the  closer  approximation  of 
the  false  molars  in  the  lower  jaw,  I  point  out  the  other  salient  peculiarities  of 
the  fossil  in  the  following  manner : — 

"  (1.)  In  aU  GanidsB,  and  more  or  less  in  all  other  Camivora,  the  basifacial 
axis  is  parallel  to  the  basicranial  axis ;  but  in  the  fossil  now  under  examination 
the  palate  makes  an  angle,  though  a  very  open  one,  with  the  base  of  the  cranium, 
somewhat  as  in  the  Babbit. 

"  (2.)  The  rami  of  the  lower  jaw  are  not  so  much  compressed  as  in  living 
species  of  the  Canidce. 

"  (3.)  Each  ramus,  instead  of  being  straight,  forms  an  arc  of  a  circle  between 
the  angle  and  the  mandibular  symplysis. 

'*  (4.)  As  in  the  upper  jaw,  the  premolars  in  the  lower  jaw  also  are  closer 
together  than  in  the  Fox. 

"  (5.)  The  internal  tubercle  of  the  sectorial  is  stouter  than  in  the  Fox. 

"  ^6.)  The  upper  tuberculars,  specially  the  hindermost  one,  are  proportion, 
ately  larger." 

To  avoid  egotisn^  I  shall  leave  the  reader  to  judge  if  this  description  is  of  the 
'*  most  meagre  kind." 

Mr.  Lydekker  continues  : — 

"  A  slight  comparison  is  made  between  the  specimen  and  the  skulls  of  certain 
Foxes;  but  in  general  the  specific  names  of  these  animals  are  omitted,  and  in 
ieveral  cases  it  appears  impossible  to  say  whether  Indian  or  European  Foxes  are  re- 
f erred  to:' ^ 

Comparison  slight !  A  comparison  in  which  some  of  the  most  important 
peculiarities,  not  only  of  the  Fox  (to  which  the  fossil  is  most  nearly  related),  but 
of  the  whole  group  of  the  Canidss — ^nay,  of  the  entire  order  of  Carnivora — are 
involved,  is  verily  a  slight  comparison  with  *^  the  Ekulls  of  certain  Foxes." 

I  must  confess  I  have  no  particular  predilection  for  classical  names.  But  I 
omitted  to  give  the  specific  name  of  the  ''  living  Indian  Fox,"  to  which  the  fossil 
is  compared  by  Baker  and  Durand,  because  I  referred  the  reader  to  their  des- 
cription. I  had  both  the  European  and  Indian  Foxes  for  comparison,  and  it  is 
indifferent  which  of  these  Mr.  Lydekker  selects  for  the  purpose.  If  it  were 
necessary  to  particularise  I  should  have  done  so. 

But  that  my  aversion  is  limited  te  the  indiscriminate  use  of  classical  names 
would,  I  think,  be  abundantly  apparent  to  any  one  who  would  take  the  trouble 
to  go  through  my  descriptions.  In  the  very  description  under  review,  for 
instance,  remarking  about  a  peculiarity  noticed  in  the  fossil  by  Baker  and  Durand, 
I  said  that  I  found  *'  this  peculiarity,  which  is  absent  in  the  European  Fox^  well 

>  The  italics  ore  mine. 
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marked  in  both  the  specimens  of  the  Bmigal  Fox  {Ganis  Bengalmsis)  I  have  had 
lor  comparison,  as  well  as  in  the  Fennecs/*  As  I  was  not  quite  snre  if  the  peca- 
liarity  was  not  varietal,  I  gave  in  footnotes  the  British  Mnseum  numbers  of  the 
specimens  of  the  Bengal  Fox  and  the  Fennecs  here  referred  to. 

Hy^ka  Sivalsksis  and  Htaka  Felina« 

Besides  casis,  more  or  less  imperfect,  of  some  of  the  British  Museimi  speci- 
mens of  Siwalik  HjeBnas,  there  are  in  the  collection  of  the  Indian  Museum  "  two 
nearly  complete  skullsi  and  the  anterior  half  of  a  third  skulL"  Of  these,  one  is, 
as  shown  by  Mr.  Lydekker,  Hycena  8ivalen$is,  as  described  and  restricted  by  me. 
The  absence  of  the  upper  pm.  1  is  as  unquestionably  an  approach  towards  my 
Hyoena  felina.  But  in  neither  of  them  do  I  observe  the  faintest  indication  of  the 
alleged  dinoinution  in  size  of  the  upper  true  molar.  The  measurements  of  this 
tooth  in  the  "  third  skull ''  (Indian  Museum,  No.  47)  are  evidently  incorrect 
Instead  of  being  0*4  x  0*23  inch,  as  given  by  my  critic,  they  should,  I  find,  be 
0'6  X  0*25,  so  that  all  the  three  skulls  in  the  collection  of  the  Indian  Mosenm 
agree  in  respect  of  the  size  of  the  upper  tubercular.  Its  maximnm  transveise 
length  in  Hycena  felina,  on  the  other  hand,  as  made  out  from  the  alveolus,  is 
only  0*225 ;  and  the  maximum  antero-posterior  length  is  not  more  than  0*08. 
The  alleged  agreement  of  the  third  skull  with  «^^a?na  felina,  in  the  small  size  of 
that  highly  important  tooth,  being,  therefore,  a  grave  error  of  observation,  this 
argument  for  linking  the  two  species  of  Hyoena  falls  to  the  ground. 

I  may  add  that  Hycena  felina  makes  such  unmistakablb  approach  towards 
feline  organisation,  in  the  extremely  small  size  of  the  upper  true  molar  and 
several  other  characters,  that  the  specimen  on  which  the  species  is  based  is  headed 
Felis  cristaia  in  the  index  to  the  unpublished  Plate  K,  in  explanation  of  the 
figures  1,  la,  1&,  and  Ic  (Falconer's  Pal.  Mem.  l^p.  548).  I  found  the  skuU, 
however,  to  be  essentially  hysBUoid,  but  differing  too  remarkably  from  the  knojm 
species  of  Hya&na  to  be  brought  under  any  one  of  them. 

MACHJiBOnUS   PALiEINDICUS. 

Mr.  Lydekker  objects  to  the  separation  of  this  species  from  If.  SivaJmisis  on 
the  grounds,  viz.,  (i)  that  practically  there  is  no  difPerenoe  in  size  between  them, 
and  that  all  the  known  teeth  of  the  Siwalik  Ma^^hcerodus  indicate  that  they  be- 
longed to  an  animal  ''  nearly  equalling  in  size  the  Boyal  Tiger  of  Bengal ;"  and 
(ii)  that  the  slight  differences  in  the  form  of  some  of  the  lower  jaws  is  probably 
owing  to  difEerences  in  the  sex  and  age  of  the  animalfl  to  which  they  belonged.*' 

Though  a  glance  at  the  comparative  measurements  g^ven  by  me  will  clearly 
show  a  considerable  difference  in  size  between  M,  Bivalensis  and  M,  Pala^iadicus, 
yet  that  difference  may  be  either  varietal  or  sexual,  and  Mr.  Lydekker  need  not 
have  taken  so  much  trouble  to  prove  the  point.  But  the  difference  in  the  form 
of  the  lower  jaw  is  perhaps  not  so  slight  as  he  conceives  it  to  be.  In  the  other 
known  species  of  Ma^choerodtis  (including  M.  Bifsalensis),  the  symphysial  extension 
of  the  lower  jaw  (one  of  the  most  characteristic  features  of  the  genus)  takes 
place  below  the  canine ;  "  but  in  3f.  Pakeindicns,  the  downward  prolongation  of 
the  outer  border  of  the  ramus  takes  place  further  back,  below  the  second  false 
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molar  (pm.  4)."  From  the  specimena  at  my  convnand  I  could  not  account  for 
this  variation  in  the  same  manner  as  the  dilFerence  in  size.  I  must  say,  in  con- 
clnsion,  that  fur^r  evidence  is  necessary  b^ore  the  species  can  be  firmly 
established.  , 

-f  FbLIS  QRAITDICBISTATA  (?). 

With  regard  to  this  doubtful  species  I  said  in  my  paper  that  ^* further  evU 
denee  is  necessary  before  the  species  can  be  clearly  separated  from  F,  cristata.  If 
it  should  prove  a  distinct  speciesy  as  I  am  inclined  to  think  it  will,  I  propose  to  call 
it  F,  grandieristcUa" 

P.  N.  BOSE. 


DONATIONS  TO  THE  MUSEUM. 

Donors. 
Specimens  of  the  raw  materials  used  in  the  mannfacture  of  porcelain,  and  samples  of  the 
porcelain  itself. 

Thb  Rotal  PoBCBLAiff  WoMs,  Worcester, 
k  series  of  specimens  illustrating  the  smelting  and  desilverization  of  lead,  and  manufacture 
of  litharge. 

.     .  TffB  Paitthbb  Lbad  Compaky,  Bristol. 

A  specimen  of  garnet  from  flto  Jaipur  territory,  Rajputana. 

C.  FoBNABo,  Esq. 
Copper  pyrites,  with  gftnet,  from  {he  Mah&b6gh  lead  mine,  Haz&rih&gh  District* 

G.  H.  Dbvbbbuz,  Esq. 
FiTc  specimens  of  grey  copper  from  the  Biohmond  Hill  silrer  mine,  New  Zealand. 

C.  A.  Ha€kbt,  Esq. 


ADDITIONS  TO  THE  LIBRARY, 

FflDM  IsT  Aran  to  SOih  Jmn  1881. 
Titles  of  Boohs.  Donors. 

ACBBPOHL,  L. — ^Das  Niederrheinisch-Westfalisohe  Steinkohlengebirge.     Atlas  der  Fossilen 

Fauna  xmd  Flora,  Lief  1-3,  1880-81,  4to,  Leipzig. 
Ball,  V. — ^Note  on  the  country  which  would  he  traversed  by  a  direct  line  of  railway  con 
necting  Calcutta  with  Nagpore,  including  a  branch  to  Orissa  (1876),  flsc.  pht. 
Calcutta. 

4  Thb  Authob. 

Babbss,  J.  FBBDBBiCK.^Indez  G^graphious  Indicus  (1881),  8vo,  Calcutta. 

HoMB,  Rby.,  &  AoBi.  Dbfabtmbht. 

BBDDOKfe,  LiBUT.-CoL.  B.  H. — Supplement  to  the  Ferns  of  Southen  India  and  British 

India  (1876),  4to,  Madras. 
fovBDBir,  Vab^  &  Gbbyais  Paul. — Ost^graphie  des  C6tac^  vivants  et  fossiles,  Liv.  17  and 

18,  with  plates  (1877),  4to,  Paris.. 
BoiTB,  J.  H.  A.^Petrolenm  and  Petrotoum  Wells  (1866),  8vo,  Philadelphia. 
BovBOtnavAT,  J.  R. — £iude  sur  les  Fossiles  Tertiaires  et  Quatemaires  de  la  Yall^  de  la 

Cettina  en  Dalmatie  (1880),  Sro,  pht^  Saint  Germain. 

Thb  Authob. 
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Title  qf  Boohs.  Donort,, 

BoDBOUioiTAT,  J.    R. — Monograpllie  da  noayean  genre  Filholia  (1881),  8vOk  pht,  Saint 
Germain. 

Thb  Authob. 
Bbobck  Eskbst  van  den. — M^moire  snr  lea  Ph^nom^nes  D'  Alteration  des  ddp6t8  saper- 
ficielfl  par  1'  infiltration  des  eanx  M^t^riques  (1881),  Mp,  Broxelles. 

The  Author. 

Bbongniabt,  Abolphe. — BechercheB  sorles  Graines  Fossiles  Silicifi^es  (1881),  4to,  Paris. 
Bbonn. — Klassen  nnd  Ordnungen  des  Thier-Beichs  : 

Protozoa,  Band  I,  hefb  2-7, 

Reptilien,  Band  YI,  Abth.  Ill,  lief  10-17  (1880-81),  8^0,  Lapztg. 
Encydopcedia  Britannica,  YoL  XII.,  9tli  Edition  (1881),  4to,  London. 
Feitsch^  Be.  Akt.— Fauna  der  Gaskohle  nnd  der  Ealksteine  der  Permformation  Bohmeos, 

Band  I,  heft.  2  (1880),  4to,  Prag. 
Hebe,  De.  Oswald.— Flora  Fossilis  Arctica,.  Band  YI.,  Abth.  I.  (1880),  4to»  Zorich. 
Kimball,  James  P. — I. — Relations  of  Sulphnr  in  Cbal  and  Coke, 

II.— Oxidation  or  Weathering  of  Coal  (1870),  8vo,  pht. 
Kleefeld,  Db.— Der  Diamant  (1876),  8yo,  Berlin. 

LiNTEBx,  Wm. — ^The  Mineral  Surveyor  and  Yaluer's  Complete  Guide  (1877),  Svo,  London. 
Mojsisovics,    E.  Y.   UKD  Neumaye,   M. — Beitrage    zur  Palaontologie  von  Gst^rreich- 

IJngarn  und  den  Angrenzenden  Gebieten,  Band  I,  beft.  2  (1881),  4to,  Wien. 
Pettebson,  Kabl. — Terraiteen  und  alte  Strandlinien  (1880),  8yo,  Berlin. 

^.  TheAuthob. 

QuENSTEDT,  F.  A. — Petrefactenkuude  Deutsehlands,  Band  YI.,  Abth.  I.,  heft  6  (with  six 

plates),  and  7,  Eorallen  (1880-81),  8vo,  Leipzig.  ^ 

Randall,  P.  M.— The  Quartz  Operator's  Hand-Book  (1880),  8vo,  New  York. 
Renault,  M.  B.-^ours  de    Botanique    Fossile  fait  an  Museum  d'Histoire  Naturelle, 

1-^re.  Ann^e  (1881),  8vo,  Paris. 
Rtan,  JsE.-^Gold  Mining  in  India ;  its  past  and  present  (1880),  8to,  pht.,  London. 
Slatee,  J.  W. — ^Manual  of  Colors  and  Dye  Wares  (1870),  8vo,  London. 
Y^LAiK,  Ch. — Mission  de  L'  He  Saint-Paul  (1879),  4to,  Paris. 
Weale,  Johk. — Dictionary  of  Terms  used  in  Architecture,  Building,  Engineering,  MiniDg, 

Metallurgy,  Archssology,  the  Fine  Arts,  &o.  (187^),  Svo,  London. 
Wolf,  H. — ^Begleitworte  zur  Geologischen  Gruben-Revierekarte  des  Kohlenbeckens  von 

Teplitz-Dux  —  Brux  (1880),  8vo,  Yienna. 

The  Author. 

PERIODICALS,  SERIALS,  &g. 

American  Journal  of  Science  and  Arts,  3rd  Series,  Yol.  XXI,  Nos.  123—125  (1881),  Sro, 

New  Haven. 

The  Editobs. 
Annalen  der  Physik  und  Chemie,  New  Series,  Band  XII,  Nos.  3  and  4,  and  XIII,  No.  5 

(1881),  Svo,  Leipzig. 
Annales  des  Mines,  7th  Series,  Yol.  XYIII,  liv.  6  (1880),  870,  Paris. 

L' Admins,  deb  Mines. 
Annales  des  Sciences  NatureUes,  6th  Series,  Botanique,  Yol.  IX,  Nos.  5 — 6,  and  X,  Nos.  1 — 5 ; 

Zoologie,  Yol.  X,  Nos.  4—6  (1880-81),  8vo,  Paris. 
Annals  and  Magazine  of  Natural  History,  6th  Series,  Yol.  YII,  Nos.  40—42  (1881),  Svo, 

London. 
Athensaum,  Nos.  2785—2798  (1881),  4to,  London. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  Y,  Nos.  2 — 4  (1881),  Svo,  Leipzig. 
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Titles  qf  Books.  Donors. 

Biblioib^ue  Uniyenelle.  Archives  des  Sciences  Physiques  et  Natorelles,  3-iue.  P^riode,  Vol. 

y,  Nos.  1—3  (1881),  8vo,  Qen^?e. 
BiblioUi^tie  Uniyerselle  et  Bevue  Suisse,  3-me,  P^riode,  Vol.  IX,  Kos.  26  and  27,  and  X, 

No.  28  (1881),  8to,  Lausanne. 
Botanisches  Centralblatt,  Band  Y,  Nos.  9—13,  and  VI,  Nos.  1—9  (1881),  8vo,  Cassel. 
Chemical  News,  Vol.  XLin,  Nos.  1111—1124  (1881),  4to,  London. 
Colliery  Guardian,  Vol  XLI,  Nos.  1063  to  1067  (1881),  fol.,  London. 
Das  Audand,  Jahrg.  LIV,  Nos.  10—22  (1881),  Hoy.  8vo,  Stuttgart. 
Geological  Magazine,  New  Series,  Decade  II,  Vol.  VIU,  Nos.  4—6  (1881),  8vo,  London, 
Iron,  Vol.  XVII,  Nos.  426—439  (1881),  fol.,  London. 
Journal  de  Conchyliologie.  Index  G^n^ral  et  Syst^matique  des  Mati^res  Contenues  dans  les 

▼ingt  premiers  volumes  1860 — 1872  (1878),  8vo,  Paris. 
Journal  of  Science,  8rd  Series,  Vol.  Ill,  Nos.  88—90  (1881),  8vo,  London. 
Just,  Db.  Lbop. — ^Botanischer  Jahresbericht,  Jahrg.  VI,  Abth.  II,  heft  1  (1880),  8vo,  Berlin. 
London,  Edinbu^h  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  6th  Series, 

Vol.  XI,  Nob.  68-71  (1881),  8vo,  London. 
Mining  Journal  with  Supplement,  Vol  LI,  Nos.  2376—2389  (1881),  fol.,  London. 
NatorsB  Novitates,  Nos.  4-10  (1881).  8vo,  Berlin. 
Nature,  Vol.  VIH  (1873);  XXII 1,  Nos.  693—601,  and  XXIV,  Nos.  602— 606  (1873  and 

1881),  4tOk  London. 
Neues  Jahrbuch  fiir  Mineralogie,  Geologie  und  Palooontologie,  Jahrg.  1881,  Band  I,  heft  3 

(1881),  Svo,  Stuttgart 
Neues  Jahrbuch  for  Mineialogie,  Geologie  und  Paloeootologie.   I.  Beilage-Band,  heft  2 

(1881),  Svo,  Stuttgart. 
Allgemeines  Bepertoiium  des  Neues  Jahrbuch  fiir  Minendogie,  Geologie  und  FalsBontologie 

1830  to  1849  (1841  and  1861),  8vo,  Stuttgart. 
Bepertorium  zum  Neuen  Jahrbuch  fur  Min.  Geol.  und  Pal.  fiir  das  Decennium  1870 — 1879 

(1880),  Svo,  Stuttgart. 
Paleontographica,  Band  XXVII,  Lief.  3-6  (1881),  4to,  Cassel. 
Petermann's  Geographische  Mittheilungen,  Band  XXVH,  Nos.  3—6  (1881),  4to,  Gotha. 

Do.  do.  do.  Supplement,  No.  64  (1881),  4to,  Gotha. 

Professional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  X,  No.  40  (1881),  8vo,  Boorkee. 

Tbomabok  Colusgb  ov  Civil  Enoikbbbiho. 
Quarterly  Journal  of  Microscopical  Science,  New  Series,  VoL  XXI,  No.  82  (1881),  Svo, 

London. 

GOVEBNMENT  SELECTTIONS,  &o. 
AsSAH.— Beport  on  the  Administration  of  the  Province  of  Assam  for  1876-77  (1878),  Svo, 

Shillong. 

Chibv  C0MHI8810KBB  OF  Assam. 
BivoAi.— Beport  on  the  Administration  of  Bengal  for  1879-80  (1880),  Svo,  Calcutta. 

GOYBBKMBKT  OF  BbNGAL. 

„         8electi(ms  from  the  Becords  of  the  Government  of  Bengal,  Nos.  XLIU  (1869), 
and  XLV  (1871),  Svo,  Calcutta. 

GOYBBlTMBirT  OF  BbkOAL. 

BoJiBAT.— Gazetteer  of  the  Bombay  Presidency,  Vol.  XII,  Kh&nd^sh  (1880),  Svo,  Bombay. 

Bombay  Goybbiymbnt. 
f  General  Beport  on  the  Administration  of  the  Bombay  Presidency  for  1873-74, 

1874-76, 1876-77,  and  1879-80  (1876, 1877,  and  1880),  Svo,  Bombay. 

Bombat  Goybbumbnt. 
J 
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Titles  of  Boohs.  Donon, 

Bombay.— Selections  from  the  Records  of  the  Bombay  Government,  New  Series  Nos.  TI 

(1864),  XLV  and  XLVI  (1867).  XLYH  (1868).  LH  and  LIII  (1869) 
LVII  (1860),  LVI,  LIX,  LXI,  LXIII,  and  LXIV  (1861).  LXV  and 
LXVII  (1862),  LXVIII,  LXIX.  LXXI,  LXXVH,  LXXYHI  (1863), 
LXXX,  LXXXIV,  LXXXV  (1864),  LXXXVII,  LXXXIX,  XC.  XCI 
XCII  (1866),  XCV  and  XCVHI  (1866),  CIII,  CIV  (1867),  CIX  and 
CX  (1868),  CXII  (1869),  CXXTV  (1871),  CXXV,  CXXVI,  CXXIX  (1872), 
CXXXIII A  CXXXIV  (1873),  CXXXVIII.  CXXXIX,  CXLIH  (1874), 
CXLVII  (1876),  CL  &  CLI  (1877),  &  CLIV  (1881),  8vo,  Bombay. 

Bombay  Govsbkmcitt. 

Bbitish  Bubma.— Report  on  tbe  Administration  of  British  Burma  for  1876-76  (1877), 

8vo^  Rangoon. 

Chief  CoMMissioirBB  of  Bbitish  Bubxa. 

Hypbbabad. — ^Report  on  the  Administration  of  the   Hyderabad  Assigned  Districts  for 

1879.S0  (1881),  flsc.  Hyderabad. 

The  RE8IDBET,  HtDEBABiD. 

Ikdia. — List  of  Civil  Officers  holding  gazetted  appointments  under  the  Goremment  of  India 

in  the  Home,  Revenue,  and  Agricultural  Department,  the  LegisIatiTe 
Department,  and  the  Foreign  Department^  on  the  Ist  January  1881 
(1881),  8yo,  Calcutta. 

Home,  Rev.,  &  Aobi.  Dsfabtmbht. 

„        Indian  Meteorological  Memoirs,  VoL  1,  Fart  6  (1881),  4to,  Calcutta. 

Meteob.  Refobtbb  to  Govt,  of  Ibdu. 

„        Meteorological  Observations  recorded  at  six  stations  in  India  in  1879»  corrected  and 

reduced  (1881),  4to,  Calcutta. 

Meteob.  Rbpobteb  to  Govt,  of  Ibdia. 

„        Registers  of  Original  Observations  in  1880,  reduced  and  corrected,  January  to  May 

1880  (1881),  4to,  Calcutta. 

Meteob.  Rbpobteb  to  Govt,  of  ImDii. 

Madbas.— Annual  Report  on  the  Administraidon  of  the  Madras  Presidency  for  186^-64. 

1869-70, 1870-71,  and  1879-80  (1864,  1870, 1871,  and  1880),  8vo,  Madras. 

Madbab  Gotbbnmbitt. 

„         Selections  from  the  Records  of  the  Government  of  Madras. 

Old  Series,  Nos.   Ill  to  X  (1864).  

2nd  Series  Nos,  IV  to  X,  XH  to  XHI  and  XVI  (1866) ;  XXV  and  XXVH  to 

mnri  (1866) ;  XXXVIII  and  XLVII  (1867);  LIII  and  LIV  (1868) ;  LXV 

to  LXVII  (1860) ;  LXXI  (1862). 
New  Series,  Nos.  I  (1867)  to  VII  (1868);  XV  (1869) ;  XX  to  XXI  (1870) ; 

XXIII  and  XXVI  (1871) ;  XXVII  (1872) ;  XXXI,  XXXIII  and  XXXIV 

(1873);  XXXVI  to  XLIII  (1874) ;  XLV  (1876)  to  XLIX  and  LI  (1876); 

LIV  (1876)  to  LXV  (1879),  8vo,  Madras. 

Madbas  Goveekmset. 

Mtbobb. — Report  on  Public  Instruction  in  Mysore  for  1879*80  (1881),  flsc.,  Bangalore. 

Chief  Commibsioxeb  of  Mtsobs. 

N.  W.  Pbovutces.— Report  on  the  Administration  of  the  N.  W.  Provinces  for  1873-74  to 

1876-77  and  Report  on  the  Administration  of  the  N.  W.  Provinces  and 
Oudh  for  1877.78  to  1879-80  (1876-80),  8vo,  AUahabad. 

N.  W.  P.  CtoVEEHMBKT. 
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TUUm  Qf  Boohs.  Donors* 

N.  W.  FjBOYiircss. — SelectionB  from  the  Records  of  the  Goyemment  of  the  N.  W.  ProTinces,. 

New  Series,  Vols.  I  (1866)  to  V  (1869). 

2nd  Series,  Yob.  IV  (1871)  to  VI,  1873  (1866-73),  870,  Allahabad. 

N.  W.  P.  GOTSBNMENT. 

OcDH.— Report  on  the  Administnition  of  the  Fkovince  of  Oudh  for  1874-75  (1876),  8vOt 

Lncknow. 

Govt.  N.  W.  P.  akd  Oudh. 
PuHJAB. — Report  on  the  Administration  of  the  Punjab  and  its  Dependencies  for  1879-80 

(1880),  8yo,  Lahore. 

Punjab  Goybbkmbnt. 
„        Selections  from  the  Records  of  the  Government  of  the  Punjab  and  its  Dependencies. 
New  Series,  No.  XIV  (1877),  8vo,  Lahore. 

Punjab  Govebnmbnt. 

TRANSACTIONS,  PROCEEDINGS,  Ac,  OP  SOCIETIES,  SURVEYS,  Ac. 

AMBTSBDAic.-^aarboek  van  het  Mijnwezen  in  Nederlandsch  Oost  Indie,  Deel  I  (1879)  and 

Deel  II  (1880),  8vo,  Amsterdam. 

Nethbblands  Colonial  Dxfabtubnt. 
Batayia.— Natuurkundig  Tijdschrift  voor  Nederlandisch-Indie.  Ser.  VIII,  Deel  I  (1881), 

8?o,  Batavia. 

Thb  Socibty. 
BBBLnr.— Monatsbericht  der  Eonig.  Preussischen  Akademie  der  Wissenschaften,  November 

1880  to  January  1881  (1881),  8vo^  Berlin. 

Thb  AcABBinr. 

f,        Zeitschrift  der  Deutschen  Geolog^hen  Gesellschaft,  Band  XXXII,  heft  4, 
(1881),  8vo,  Berlin. 

Thx  Society. 
Bombay.— Journal  of  the  Bombay  Branch  of  the  Royal  Asiatic  Society,  Vol.  XIV,  No.  38 

(1881),  8vo,  Bombay. 

Thb  Socibtt 
BoflTov. — Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  New  Series,  Vol.  VII, 

Part  2  (1880),  8vo,  Boston. 

Thb  Acadbmy. 
Bsi8TOL.~ProceediDg8  of  the  Bristol  Naturalists'  Society  (1880),  8vo,  Bristol. 

Thb  Socibty. 
„  Report  of  the  Proceedings  of  the  Bristol  Museum  and  Library  at  the  Tenth 

Annual  Meeting  held  on  the  17th  February  1881  (1881),  8yo,  Bristol. 

Thb  Musbuh. 
Bbussslb. — Annuaire  de  L'Acad^mie  Royale  de  Belgiq^ue  (1879—1881),  8vo,  Bruzelles. 

Thb  Acadbuy. 
9^         Bulletins  de  L'Acad^mie  Royale  des  Sciences,  des  Lettres  de  Belgique,  Vols.  XL VI 
to  L,  2nd  Series  (1878-80),  8vo,  Bruzelles. 

Thb  Acadbky. 

^  M^moires  Ck)nronn^9  et  autres  M^moires  publics  par  L'Acad.  Roy.  des  Sciences 

de  Belgique,  Vols.  XXIX,  XXX,  and  XXXII  (1880.81),  8vo,  Bruzelles. 

Thb  Acadbmy. 
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Titles  of  Books.                                                                              /  ^^ 

Bombay.— Selections  from  the  Reoordg  of  the  Bombay    <3o^    /  *^^  P*f  ^rr^ 

(1864),  XLV  and  XLVI  (1867),  XLVJ^     /  .UI  and  i^ 

LVII  (1860).  LVI.  LIX,  LXI,  IIT/      /  ^^^ 

LXVII  (1862).  LXVni,  LXIX,.  >      /  Ts«  ACAp* 

Lxxx.  Lxxxrv,  Lxxxv  (r  /  x>t*»««  ^®  ^^'*'*^* 


T. 


Bbitibh  Bubma.— Report  on  the        i   J  '  ,  ^,  ,    .         j^«  PlAncbettes de 

Svo,  Rangoon      /  '^  G&ilogique  d^^  ^^» 

^         ^^  vBolderbeig)  (1881),  ^^^' ^'^ 

HYi>BBABAD.-Report  on  ^  *  Gbological  S^J^'^f  J^"^^^^^ 

1879-^^  .lationa  of  the  Marine  Survey  of  lodi*  tor  wi«  j 

.«i«c,  Calcutta. 
IOTIA.-List  of  (Tiv-  Mabihb  SubtbT  ^f ''^*""  ^ 

^port  on  the  Operations  of  the  Survey  of  India  daring  lo'^" 
.fr^!if;8lh  fl^  Calcutta. 

'     ^'^  ^  How  ^BPA^^> 

,1  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XLIX,  ^xtra  number 
„  ^"^  to  Part  1. 1880,  and  Vol.  L,  Part  I,  No.  1.  and  Part  II,  No.  %  (1^^)'  ^^^' 

Calcutta. 

T0B  SociiTT. 

proceedings    of    the    Asiatic    Society    of  Bengal,  Nos.  II-IV  (1881),  8vo, 
,•  Calcutta. 

Thb  Sociitt. 

Records  of  the  Geological  Survey  of  India,  VoL  XIV,  Pt.  2  (1881)i  S^^» 
Calcutta. 

Gbolooioal  Sitbvbt  op  Ihdia. 
ri^M^nivQ^f  MA8S.<^Ajinual  Report  of  the  Curator  of  the  Museum  of  Comparative  Zoology 

for  1879-80  (1880),  8vo,  Cambridge,  Mass. 

Musbuk  of  Comp.  ZooLOOT. 
,^         Bulletin  of  the  Museum  of  Comparative  Zoology,  Vol.  VI,  Nos.  8-11 ;  Vol.  VIII, 
Nos.  3,  and  p.p.  96-284  (1880  and  1881),  8vo,  Cambridge,  Mass. 

MUBBUM  OP  COMF,  ZOOLOOT. 

„         Memoirs  of  the  Museum  of  Comparative  Zoology,  Vol.  VI,  No,  I,  and  Vol.  VII» 
No.  2,  Part  1  (1880),  4to,  Cambridge,  Mass. 

MUSBUM  OB  CoMF.   ZoOLOOT. 

Dbbsdbk.— Sitzungs-Berichte  der   Naturwissenschaftlichen  Gesellschaft  Isis  in  Dresdeiif 

Jahrg.  1880,  Jany— Deer.  (1881),  8vo,  Dresden. 

Thb  Socibtt. 
Dubliv. — Journal  of  the  Royal  Geological  Society  of  Ireland,    New  Series,  Vol.  V,  Part  3 

(1880),  8vo,  Dublin. 

Thb  Socibtt. 

Edibbuboh.— Transactions  of  the  Royal  Scottish  Society  of  Arts,  Vol.  X,  Part  3  (1881) 

8vo,  Edinburgh. 

Thb  Socibtt. 
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Donors, 
indltmf^en  von  der  Senckenbergiflcben    Naturforachenden  GesellBchaft. 
id  XIT,  heft  1  and  2  (1880),  4to.  Frankfort. 
;^  ''Joci^t^  Gdologique  de  Belgique,  Vol,  VI  (1879-81),  8vo,  Li^ge. 

%,  The  Socibtt. 

nnean  Society,  Vol.  XIII,  Zoology,  Nos.  66  to  72  (1876-78),  870, 

The  Society. 

^siatic  Society  of  Great  Britain  and  Ireland,  New  Series, 
^^  ,*^,  a881),  8vo,  London. 

.  ?  T^         V  The  Society. 

r   ^  rts.  Vol.  XXIX,  Nob.  1477-1490  (1881),  8vo,  London. 

The  Society. 

magazine  and  Jonrnal  of  the  Minendogical   Society  of  Great 

..ain  and  Ireland.    Vol.  I.  (1877)  to  Vol,  IV,  No.  19  (1881)   (1877-81), 

8vo,  London, 

i^rooeedings  of  the  Literary  and  Philosophical  Society  of  Liverpool,  Vols.  XIX, 

XX,  XXII  to  XXVI  (1866-72),  8vo,  London. 

The  Society. 
Proceedings  of  the  Royal  Gteographical  Society  and  Monthly  Record  of  Geography, 
New  Series,  Vol,  III,  Nos.  2-4  (1881),  870,  London, 

The  Society. 
Proceedings  of  the  Royal  Institution  of    Great  Britain,    Vol.  IX,  Part  III, 
No.  72,  with  List  of  Members  for  1880  (1880),  8vo,  London, 

The  Institute. 

Proceedings  of  the  Royal  Society  of  London,  Vol.  XXXI,  Nos.  207-210  (1880- 

81),  8vo,  London. 

The  Society, 

Quarterly  Jonrnal  of  the  Geological  Society  of  London,  Vol.  XXXVII,  No.  145 

(1881),  870,  London. 

The  Society. 

Madbid,— Boletin  de  la  Sociedad  Geografica  de  Madrid,  Vol.  X.,  Nos.  1-3  (1881),  870, 

Madrid, 

The  Society, 

Mahchestbe.— Transactions  of  the  Manchester  Geological  Society,  Vol.  XVI,  Pts.  4  &  5 

(1881),  870,  Manchester. 

The  Society. 

MiiBOUBKE.— Mineral  Statistics  of  Victoria  for  the  year  1880  (1881),  flso,  Melbourne. 

MiNiNa  Deft.,  Victobia. 

o  Report  of  the  Chief  Inspector  of  Mines  to  the  Hon'ble  the  Minister  of 

Mines  for  1880  (1881),  flso,  Melbourne, 

Mining  Dept.,  Victobia, 
^  Reports  of  the  Mining  SnrYeyors  and  Registrars  for  quarter  ending  Slst 

December  1880    (1881),  flsc,  Melbourne, 

Mining  Deft.,  Victobia* 

Kiw  ZtAtlND.— Colonial  Museum  and  Geological  Sur7ey  Department.  Reports  of  Geologi- 
cal Explorations  during  1879-80  (1881),  870,  New  Zealand. 

Gbol,  Subyby  of  New  Zealand. 
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IMles  ofBookg,  Donori, 

PABis.^BuUetin  de  la  Soci^id  G^ologiqne  de  France :  Table  G^n^rale  et  Analjtique  de, 

volumes  I-XX,  1844-1863  ;  2nd  Series,  Vol  XXVI,  Nos.  1,  6  &  8,  XXVII 
No.  1,  &  XXVIII.  Nob.  1,  2  &  4 ;  3rd  Series,  Vol.  V,  No.  7    (1867,  1868 
to  1872  &  1877),  8vo,  Paris. 
„        Liste  des  Membres  de  la  Soci^t^  G^ologique  de  France  an  1-er  D^cembre  1880,  arec 

Supplement  k  la  date  da  1-er  Fevrier  1881  (1881),  8vo,  Paris. 

Thb  Socibtt. 

„        M^moires  pour  Servir  h  TExplication  de  la  Carte  G^loj^iqne  D^taill^e  de  la  France 

Le  Pays  de  Bray  par  A  de  Lapparent  (1879),  4to,  Paris. 
Pbnzancb. — Transactions  of   the  Boyal  Geological  Society  of   Cornwall,  Vol.  X,  Ft.  3 

(1880),  8vo,  Penzance. 

Thb  Society. 

PHiLADBLPHiAr-Joamal  of    the  Franklin  Institute,  3rd  Series,  Vol  LXXXI,  Nos.  2-5 

(1881),  Svo,  Philadelphia. 

Thb  Institutb. 

„  Ninth  Annual  Report  of  the  Board  of  Directors  of  the  Zoological  Society 

of  Philadelphia  (1881),  8vo,  Philadelphia. 

Thb  Societt. 

„  Proceedings  of  the  American  Philosophical  Society,  VoL  XVIII,  No.  106. 

and  list  of  Members  for  1880  (1880),  870,  Philadelphia. 

Thb  Socibtt* 

P18A.. — Atti  della  Society  Toscana  di  Scienze  Naturali.    Processi  Verbali,  13  Marzo  1881 

(1881),  8vo,  Pisa. 

Thb  Socibtt. 

BoMB--'Atd  della  B«  Accademia  dei  Linoel,  3rd  Series,  Transunti,  VoL  V.  fasc.  7-12  (1881)» 

4to,  Boma. 

Thb  Acadext. 
Salbm— Bulletin  of  the  Essex  Institute,  Vol.  XII,  Nos.  10-12  (1880),  Sto,  Salem. 

Thb  Instttittb. 
SiNOAPOBB— Journal  of  the  Straits  Branch  of  the  Boyal  Asiatic  Society,  No.  6  (1881),  8to, 

Singapore, 

Thb  Socibtt. 
St.  Pbtbbsbvbo — ^Bulletin  de  L'Acad^mie  Imp^riale  des  Sciences  de  St.  Petersbourg,  Vol. 

XXVI,  No.  3  (1880),  4to,  St  Petersbourg. 

Thb  Academy. 
^  M^moires  de  L' Academic  Imp^riale  des  Sciences  de  St.  Petersbourg,  7th 

Series,  VoL  XXVII,  No.  13  (1880),  4to,  St.  Petersbourg. 

Thb  Acapbkt. 
Stdket— Annual  Beport  of  the   Department  of  Mines,  New  South  Wales,  for  1879,  and 

plates  (1879-80),  4to,  Sydney. 

Deft,  op  Mikbs,  N.  S.  W. 

„       Journal  and  Proceeding^  of  the  Boyal  Society  of  New  South  Wales,  VoL  XUI* 
(1880),  8vo,  Sydney. 

Thb  Socibtt. 

„      Transactions  of  the  Boyal  Society  of  New  South  Wales  for  1868  and  1870  to  1873 
(1869-74),  8vo,  Sydney. 

Thb  Socibtt. 
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TttUt  if  Boohs,  Donors. 

Stdvbt.— TranBactioHB  of  the  Philoflopbical  Society  of  New  South  Wales,  1862-1865  (1866), 

870,  Sydney. 

The  Society. 

TiTBiH^Atti  della  R.  Accademia  deUe  Scienze  di  Torino,  Vol.  XYI,  Disp.  1-4  (1880.81), 

8yo,  Torino. 

The  Academy. 

ViSKKA— 'Abhandlangen  der  Xais.  Konig.  Geologischen  Keichsanstalt,  Band  XII,  heft  2 

(1880),  4to,  Wien. 

The  InsTiTirTE. 

„       Jahrbuch  der  Kais.  Eonig.  Geologiichen  Beiohsanstalt,  Band  XXX,  No.  4  (1880), 
8to,  Wien. 

The  Ikstititte, 

„       Yerhandlungen  der  Kaie.  ESnig.  Geologischen  Reichsanfttalt,  Nos.  14-18  (1880\ 
and  Nos.  4-8  (1881),  8yo,  Wien. 

The  Institute. 

WiSHlEOTOV — ^Bolletin  of  the  United  States  Geological  and  (^graphical  Surrey  of  the 

Territorien,  Vol.  VI,  No.  1  (1881),  8vo,  Washington. 

The  Sueyey. 
^  Haydeit,  F.  V. — ^Eleventh  Annual  Beport  of  the  U.  S.  Ckological  and  Geo- 

graphical Survey  of  the  Territories,  embracing  Idaho  and  Wyoming  for 
1877  (1879),  8vo,  Washington. 

The  Suetey. 

„  Index  to  Papers  on  Anthropology  pnblished  by  the  Smithsonian  Institution, 

1847  to  1878  (1881),  8yo,  Washington. 

G.  H.  BoEHMEB,  Esq. 

^  Reports  of  Professor  Joseph  Henry,  Secretary  to  the  Smithsonian  Institute, 

for  1866  to  1872, 1874  k  1876  (1867-1877),  870,  Washington. 

The  Institxttb. 

„  Report  upon  the  United  States  Geographical  Surveys  west  of  the  100th 

2IIeridian,  Vols.  II  (187;),  [II  &  V(1875),  VI  (1878),  4to,  Washington. 

The  Suetey. 

Weiliegton— Colonial  Museum  and  Geological  Survey  Department.  Meteorological  Report 

for  1880,  including  returns  for  1877, 1878, 1879,  and  averages  for  previous 
years  (1881),  8vo,  Wellington. 

The  Subyey. 

Yoeohaxa — Mittheilungen  der  Deutschen  Gesellschaft  fur  Natnr  und  Volkerkunde  Ostasiens. 

Heft  23,  Index  zu  Baud  II,  heft  11-20  (1881),  flsc,  Yokohama. 

The  Society. 
/n/y  Sih,  1881. 
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on  the  Unification  of  G-eological  Nomenclature  and  Cartograpliy  (a  note 
lo  the  International  Geological  Congress  of  1881,  at  Bologna), — By  H.  B. 
PLICOTT,  MA.,  Geological  Survey  of  India. 

\1  hAve  been  compelled,  by  pressure  of  official  work,  to  renounce  the  expect- 
rare  of  attending  the  Congress  at  Bologna,  I  may  be  permitted  to  submit 
rks  upon  the  principal  question  proposed  for  discussion — ^tbe  unifica- 
geological  nomenclature  and  cartography.     Although  the  experience  and 
[uirements  of  the  Geological  Survey  of  India  will  be  most  ably  represented 
longress  by  my  colleague  Mr.  W.  T.  Blanford,  who  has  been  deputed  in 
\,  the  reflections  of  a  second  worker  in  so  large  a  field,  and  one  differing 
dy  from  anything  the  geologists  of  Europe  have  experience  of,  may  not 


luous. 


Indian  Survey  is  peculiarly  well  circumstanced  to  profit  by  the  deh- 
ma  of  the  Congress.    It  is  very  apparent  that  the  chief  obstacle  to  consen- 
ihoee  deliberations  will  be  the  familiar  one  of  '  vested  interests.'    Most  of 

kt  national  surveys  are  already  committed  to  systems  of  notation  from 
they  cannot  depart  without  immense  inconvenience.     The  Indian  Survey 
completely  unpledged— I  may  even  say  unprejudiced ;  and  it  has  just 

that  stage  of  growth  when  it  must  take  up  the  responsibility  of  adopting 
>m.     The  materials  stand  ready  for  use:   on  the  one  hand,  there  is  a 

fcble  accumulation  of  fairly  accurate  geological  work,  much  of  which 
>d  in  the  occasional  maps  of  convenient  forms  published  with  the 
of  the  Survey  ;  and  on  the  other  hand,  there  is  a  magnificent  series  of 
-the  Atlas  sheets  of  the  Ghreat  Survey  of  India,  on  a  scale  of  1-256,561 

which  we  must  ere  long  attempt  to  reduce  the  geology  of  India  to 
ity  of  representation.     Samples  of  both  kinds  are  laid  before  the  Con- 
The  index  map  of  the  Indian  Atlas  wiU  give  an  idea  of  the  magnitude  of 
lertaking. 

license  we  have  so  far  enjoyed  in  colouring  our  maps  has  been  prompted 

mditions  of  our  work,  to  which  I  would  invite  the  serious  attention  of 
I,  for  they  are  such  as  will  inevitably  render  futile  any  attempt  that 
Imade  at  a  rigorous  definition  of  signs,  whether  verbal  (nomenclature)  or 


278  Becor^s  of  the  Geological  Survey  of  India,  [vol.  %iv 

visual  (colonration),  as  intended  for  universal  adoption;  and  it  is  apparent  that 
Bucli  an  attempt  is  in  contemplation.  Such  conditions  are,  indeed,  wliat  miglit 
be  foreknown  to  result  from  tlie  principle  of  continuity  in  rock  formation,  as  we 
all  now  believe  in  ;  but  an  actual  case  in  point  will  be  more  convincing,  and  such 
an  one  is  presented  by  the  Gondw&na  System  of  India.  It  is  of  very  wide 
extent  and  of  great  thickness ;  its  base  is  now  fairly  determined  to  be  of  permian 
age,  and  its  top  beds  are  upper  Jurassic ;  it  is  completely  disconnected  from  all 
the  rocks  below  and  above  it.  Thus  it  might  in  a  manner  be  said  to  be  strati- 
graphically  in  India  the  homologue,  but  not  the  equivalent,  of  the  secondary 
seiics  of  European  geology.  Yet  it  is  emphatically  a  '  system, '  and  even  a 
'  formation, '  as  it  is  sought  to  restrict  these  terms,  a  sequence  of  similar  deposits 
in  which  it  is  not  possible  on  any  one  horizon  to  trace  a  clear  division  over 
the  whole  area.  Not  to  indicate  so  remarkable  a  character  of  unity  in  these 
rocks  in  colouring  our  maps  would  be  to  deform  the  face  of  nature ;  and  to  force 
upon  them  the  strongly  distinctive  marks  of  the  perm,  trias,  lias,  and  jura  of 
Europe  would,  in  my  opinion,  be  Procrustean  formalism.  I  believe  we  should 
have  another  similar  case  in  India  if  we  could  only  determine  the  range  of 
our  Yindhyan  series ;  but  that  many  such  cases  of  total  discrepancy  with  the 
European  scale  occur  throughout  the  world  can  hardly  be  doubted.  It  will  still, 
at  least,  remain  possible  in  every  country  to  use  colours  in  the  order  of  a  prescribed 
scale,  even  though  not  one  of  them  were  to  be  the  equivalent  of  the  same  colour 
in  a  distant  region. 

The  representation  of  divisions  within  a  system  is  intrinsically  the  most 
difficult  part  of  the  proposed  scheme.  Upon  this  point  the  ingenuity  of  European 
geologists,  who  have  carried  subdivision  of  strata  into  such  detail,  must  have 
been  fully  exercised,  and  no  doubt  with  corresponding  results.  It  is  therefore 
with  great  diffidence  that  I  would  mention  a  system  of  which  I  have  made  a  small 
trial.  It  is  so  simple  that  it  has  very  likely  been  tried  already,  though  I  have 
not  heard  of  it.  It  consists  in  using  fine  black  lines,  having  a  constant  significa- 
tion in  direction.  Six  such  directions  can  be  at  once  distinguished  by  the 
unassisted  eye :  north-south,  east-west,  and  four  intermediately  inclined, "  with 
intervening  angles  of  30.*  When  the  lines  are  placed  at  4  or  5  nmi.  apart,  they 
do  not  in  the  least  interfere  with  the  lettering  or  the  physical  features  on  the 
map.  By  using  these  lines  in  a  constant  ascending  order,  horizontal  (east- west) 
for  the  lowest  and  vertical  (north-south)  for  the  highest,  six  clear  divisions  are 
at  once  attained  within  each  tint  of  colour,  and,  as  most  colours  will  give  three 
well-distinguishable  shades,  we  obtain  18  divisions  for  the  one  colour.  By  using 
continuous  lines  for  primary  divisions,  combined  with  broken  lines  (having  the 
same  signification  of  direction)  for  secondary  divisions,  36  subdivisions  for  each 
shade  and  108  for  each  colour  are  attainable.  The  unlined  colour  would  remain 
for  beds  of  indeterminate  horizon  belonging  to  it. 

I  send  two  samples  of  maps  prepared  in  this  way,  with  copies  of  the  same 
coloured  in  the  old  style.  To  those  who  look  upon  geological  maps  iroia  the 
pictorial  point  of  view,  the  simple  tint  and  line  system  is  no  doubt  repulsive, 
and  to  the  casual  beholder  it  looks  bewildering;  but  I  do  not  think'  that  such 
critics  need  be  considered,  and  for  the  working  geologist  two  main  poinis  are  at 
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onoe  completely  secured — ^the  distribution  of  the  principal  formations  are  given 
at  a  glance,  in  a  way  that  is  impossible  under  any  party-coloured  system ;  and 
secondly,  at  any  spot  he  may  pitch  upon,  the  observer  can  know  with  certainty, 
without  any  effort  of  memory  or  searching  for  an  index.letter,  the  exact  hori^fon 
of  the  rocks  at  that  spot.  In  an  isolated  patch  of  colour,  a  simple  fine  line  across 
it  makes  its  position  in  the  series  at  onoe  recognizable  to  the  6th  degree,  or  two 
such  lines,  to  the  36tli. 

The  smaller  of  the  two  maps  forwarded  [(Atlas  \  sheet.  No.  76,  South- West) 
represents  an  area  occupied  by  two  series  of  transition  rocks,  one  with  9  divisions, 
the  other  with  4  divisions  and  9  subdivisions,  which  are  distinguished  by  means 
of  only  3  full  lines  and  2  broken  lines,  singly  or  in  pairs.  The  larger  map  (Atlas 
sbeet  104)  contains  several  basins  of  Gondw4na  rocks,  having  6  divisions ;  a  large 
area  of  Vindhyan  rocks,  with  5  divisions,  and  4  other  formations. 

A  real  objection  to  this  method  is,  of  course,  that  small  outcrops  are  lost 
sight  of ;  but  this  difficulty  meets  us  in  every  system,  and  there  is  but  one  way 
to  get  over  it, — ^nothing  but  a  bright  distinctive  colour  can  make  a  small  spot 
visible  on  a  map.  I  see  no  way  out  of  it  but  to  set  apart  a  small  series  of  such 
strong  colours,  to  be  used  only  for  small  outcrops,  and  always  in  a  known  order ; 
they  might  thus  often  appear  several  times  in  different  relations  on  the  same 
map,  their  signification  in  each  case  being  determined  by  the  context  or  by  the 
index.  Used  in  this  way,  they  would  not  obliterate  the  main  features  of  the 
ground  as  indicated  by  moderate  tints  of  the  standard  colours  with  standard 
lines,  for  large  areas  of  those  same  subdivisions. 

I  would  not  further  trespass  on  the  attention  of  the  Congress  with  suggestions 
which  have  not  been  put  to  a  practical  test. 


On  the  Chology  of  the  Arvali  region,  Oentral  and  Eastern. — By  G.  A.  Hackst, 

Oeological  Survey  of  India, 

The  portion  of  Bajputana  and  the  surrounding  country,  of  which  the  follow- 
ing is  a  brief  sketch,  is  included  between  E.  longs.  73°  and  78^  and  N,  lata.  24* 
and  29°.  Within  these  limits  are  situated  the  Native  States  of  Bharatpur  (Bhurt- 
pore),  Jaipur  (Jeypore),  Alwar  (Ulwur),  Dholpur,  Kerauli  (Kerowlee),  Kishen- 
garh,  Bdndi  (Boondee),  and  portions  of  Gwalior,  Tonk,  Kotah,  Jhallawar,  God- 
war,  IJdepur  (Oodejpore),  Lohdru,  Putte&la,  Jhind,  and  Naba,  as  well  as  portions 
of  tbe  districts  of  Ajmir  (Ajmere),  Delhi,  Agra,  Gurgaon,  and  Hissdr. 

The  Arvali  range  of  hills  extends  for  a  length  of  about 
^^0»cription     of    the      3QQ  ^^^^^  ^  ^  direction  of  nearly  north-east-by-north  (N. 

36E.)  through  this   area  near  its  western  side. 

The  southern  portion  of  the  Ar-vali  range  within  our  area  may  be  described 
as  the  edge  of  a  plateau  presenting  a  steep  face,  in  places  upwards  of  1,600  feet 
in  height,  towards  the  north-west  and  with  a  gentle  and  almost  imperceptible  fall 
towards  the  south-east^  and  having  a  number  of  narrow,  roughly  parallel  disconti- 
nuous ridges  rising  above  it,  one  of  them  to  a  height  of  about  1,200  feet,,  or 
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3,200  feet  above  the  level  of  the  plaiii,  20  miles  west  of  the  range,  and  4,239  feet 
above  the  level  of  the  sea. 

North  of  Todgarh  the  range  loses  considerably  in  elevation,  and  the  centre 
is  only  a  few  hundred  feet  above  the  level  of  the  plain  to  the  west :  thus  Be^war, 
situated  in  the  centre  of  the  range,  is  only  340  feet  higher  than  the  plain  at 
Baipur  on  the  western  edge.  The  greatest  height  along  the  railway  between 
these  places  is  only  68  feet  above  Be^war,  although  the  hills  just  north  of  the 
line,  those  of  Gh&ng,  rise  to  a  height  of  850  feet  above  this. 

On  the  eastern  side  of  the  range  there  is  a  line  of  hills  some  2  or  3  miles 
broad  and  about  400  feet  higher  than  Bed  war;  beyond  these,  at  Masdda,  the 
level  is  nearly  the  same  as  at  Be&war,  and  after  crossing  a  belt  of  hilly  ground 
the  open  plain  is  reached  about  30  miles  east  of  Bedwar,  at  a  level  of  little 
more  than  100  feet  lower. 

« 

For  a  distance  of  about  a  hundred  miles  north  of  Ajmir,  the  range  is  reduced 
to  a  mere  skeleton,  and  consists  almost  entirely  of  a  number  of  narrow  parallel 
ridges  2  or  3  miles  apart,  and  which  can  be  passed  through  at  nearly  the  level 
of  the  plains  to  the  east  and  west.  The  highest  of  these  ridges  occurs  abont 
4  miles  U)  the  west  of  the  S&mbhar  lake,  and  is  about  1,250  feet  above  the 
lake  and  2,430  feet  above  sea  level. 

Further  north,  between  EZhandela  and  Khetri,  the '  range  again  expands,  and 
near  Raghundthgarh  attains  to  an  elevation  of  3,450  feet  above  sea  level ;  but  a 
few  miles  north  of  Khetri,  at  Singhdna,  the  range  may  be  said  to  terminate,  for 
north  of  that  are  only  a  few  broken  narrow  ridges  rising  abruptly  from  the  plain, 
and  which  terminate  near  Dddri,  about  40  miles  north  of  Singhdna. 

A  second  long  line  of  hills  forming  the  north-western  edge  of  the  Vindhyan 

plateau  extends  across  the  eastern  side  of  the   area  from 
^^atehpnr  Sikri  Ime  of      Patehpur   Sikri   in   a   south-western    direction    through 

Rimtumbour  to  near  Chitorgarh,  where  the  hills  turn  to 
the  south  and  afterwards  in  a  south-easterly  direction. 

The  elevations  along  this  line  are  not  nearly  so  great  as  in  the  Arvali  range, 
the  highest  being  those  of  Bimtumbour  f ort  1,578  feet,  Mdndalgarh  1,783  feet,  and 
Chitorgarh  1,855  feet  above  sea  level,  the  hill  at  the  latter  place  being  about  520 
feet  above  the  plain. 

Another  narrow  and  broken  line  of  hills  extends  through  the  central  por- 
tion of  the  area,  roughly  parallel  to  and  about  25  miles  distant  from  the  Fa- 
tehpur  Sikri  line,  terminating  near  Mandsaur  to  the  south.  This  line  of  hills 
is  connected  with  the  Fatehpur  Sikri  line  to  the  north-east  by  the  Bidna  hills, 
and  on  the  north-west  with  the  Arvali  range  by  the  Alwar  hills,  which  terminate 
to  the  north  in  the  ridge  at  Delhi. 

The  country  between  these  three  lines  of  hills  towards  the  south  is  occupied 
by  a  number  of  small  hills,  and  a  more  or  less  continuous  section  of  the  rocks  is 
exposed ;  but  to  the  north,  with  the  exception  of  a  few  short  isolated  ridges, 
the  whole  country  is  covered  by  a  wide  sandy  plain  in  which  no  rocks  are 
exposed. 
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Tlie  g^reater  part  of  the  country  west  of  tlie  Arvali  range  consists  of  a  sandy 

plain   on    whicli    numberless   long  liills  of  blown    sand 

The  country  weat  of      occur ;  besides  these  there  are  a  few  short  narrow  ridges 
the  Arrali  ranse.  i     i  •       i .  a*.  j 

haying  the  same   general  direction   as   the   range,    and 

between  Sojat  and  Jodhpur  a  number  of  flat-topped  hills  varying  in  height  from 

100  to  300  feet  above  the  level  of  the  plain. 

In  my  description  ©f  a  portion  of  this  area,  the  Alwar  hills,  in  a  previous 

paper,  ^  I  placed  the  Ajabgarh  and  Mandan  groups  at  the 

Ti^^iflatio^  ^""      *^P  °^  *^®  ArvaH  series  above  the  Alwar  quartzites.    Upon 

further  examination  of  the  series  in  the  country  to  the 
west,  where  the  sections  are  less  broken,  I  found  that  this  was  not  the  true  inter- 
pretation of  the  section,  but  that  both  these  groups  were  below  the  quartzites 
in  fact  representatives  of  the  Raidlo  group.  I  was  led  into  this  error  by  the 
high  dips  of  the  rocks  and  by  taking  inversion  for  the  normal  sequence. 

I  also  then  included  the  Alwar  quartzites  with  the  Arvali  series,  but  as  in 
the  western  area  the  quartzites  are  found  to  constantly  overlap  the  lower  rocks, 
as  also  several  cases  of  unconformity  have  been  noticed,  it  is  necessary  to  separate 
these  two  series.  As  the  quartzites  extend  up  to  Delhi  and  form  the  ridge  there, 
I  now  propose  to  call  the  quartzites  and  their  associates  in  the  Mandsaur  hills 
and  elsewhere  the  Delhi  series,  retaining  the  name  of  the  Alwar  quisrtzites  for 
the  bwer  member  of  the  series. 

The  rocks  occurring  in  the  Arvali  range  consist  of  gneiss,  mica  and  horn- 
blende schists,  and  limestone,  mostly  in  the  form  of  marble, 
ftBc  8  of  the  Arvali     ^j^^  representatives  here  of  the  Arvali  series,  and  quartzite 

probably   the  Alwar  quartzite.     The  whole  are  much  dis- 
turbed, most  frequently  nearly  vertical,  and  repeated  several  times  in  the  section. 
It  is  the  Alwar  quartzite,  the  rock  highest  in  the  section  within  the  range, 

broken,  repeated  and  placed  upon  end,  that  forms  all  the 

Alwar  quartzite.  •,  .-,  j.-i.xti.  ji         •i.j  ••j 

long  narrow  ndges  that  1  have  described  as  rising  to  a 

considerable  height  above  the  general  level  of  the  range ;  the  highest  peak  in 

the  range  south  of  Eianalgarh  is  formed  of  it,  as  well  as  the  T4ragarh  hill  near 

Ajmir  and  the  high  peak  in  the  northern  end  of  the  range  near  Baghundthgarh ; 

the  Khetri  fort  is  built  on  it. 

The  best  sections  of  the  Arvali  range  are  exposed  in  the  Desuri,  Dawer 
^^  (Dewair  of  map),  and  Pipli  passes  ascending  from  the 

^^'  western  plains.  The  top  of  the  Desuri  pass  section  is  nearly 
2,000  feet  above  the  level  of  the  plain,  20  miles  to  the  west,  but  not  more  than 
1)500  above  the  town  of  Desuri  situated  at  the  foot  of  the  pass.  The  pass  is 
about  5  miles  in  length,  and  from  the  top  eastwards  the  fall  is  very  gradual ;  thus 
the  K^nkroli  lake,  20  miles  distant  to  the  south-east  and  nearly  at  the  lowest 
level  on  this  side  of  the  axis,  is  upwards  of  400  feet  higher  than  Desuri. 

From  Desuri  towards  the  plain,  there  is  a  broad  band  of  porphyritic  gneiss, 
forming  hills  from  200  to  500  feet  in  height.  On  the  western  side  of  the  gneiss 
there  is  a  band  of  highly  crystalline  white  marble  capped  by  a  small  thickness 

1  Beoordt,  Vol  X,  p.  84. 
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of  qaartzite,  presumably  ontliers  of  the  rocks  of  the  range.  Between  the  eastern 
edge  of  the  gneiss  at  Desnri  and  the  foot  of  the  range,  a  distance  of  about  1^ 
miles,  the  rocks  are  covered.  The  first  rocks  exposed  at  the  bottom  of  the  pass 
are  some  calcareous  beds  followed  by  hornblende  schists;  above  this  a  con- 
siderable thickness  of  more  or  less  impure  limestones  with  black  mica-schista 
to  the  top  of  the  pass.  The  whole  of  the  rocks  in  the  pass  dip  at  a  high  angle, 
seldom  less  than  70^,  most  frequently  to  the  east-north-east,  but  occasionallj 
west-south-west  dips  are  met  with.  Near  the  top  of  the  pass  the  angle  of  dip 
become  much  lower,  and  at  the  top  the  rocks  for  a  short  distance  are  nearlj 
horizontal.  About  a  mile  east  of  this,  at  Jhilw^ra,  some  schists,  made  up  of 
quartz  and  actinolite,  and  frequently  calcareous,  rolling  about  at  an  angle  of  40, 
cover  the  mica-schists. 

At  a  short  distance  south  of  Jhilwdra  several  high  ridges  of  bedded  quartzite 

occur  in  the  section.     They  are  all  discontinuous,  some  of 

of  ^jXiSr^"*^  '^''*^     *^®^  upwards  of  20  miles  in  length,  frequently  half  a 

mile  and  sometimes  2  miles  in  breadth,  roughly  parallel, 
and  at  a  distance  apart  vaiying  from  a  quarter  to  2  miles,  the  intervening  low 
ground  being  occupied  by  the  schists ;  some  of  them  include  a  great  thickness 
of  mostly  vertical  quartzite.  They  vary  greatly  in  number  in  the  section,  and 
are  frequently  entirely  absent. 

No  good  section  of  the  junction  between  the  quartzite  and  the  schists  ia 
exposed,  as  it  usually  takes  place  at  the  base  of  the  high  ridge,  and  is  covered  by 
the  fallen  debris,  but  at  the  northern  end  of  the  eastern  ridge,  about  6  miles 
east  of  Jhilwdra,  the  schists  are  nearly  horizontal  and  underlie  the  also  nearly 
horizontal  quartzite. 

The  quartzite  is  clearly  above  the  schists,  and  the  different  ridges  are  merely 
repetitions  of  the  same  band  of  quartzite  broken  and  rolled  up  with  the  schists. 
As  this  quartzite  holds  the  same  relative  position  to  the  schists  as  the  Alwar 
quartzite  of  the  Delhi  series  does  in  other  parts,  and  as  a  connection,  although 
broken,  can  be  traced  to  the  undoubted  Alwar  quartzites  of  the  Alwar  hiUs,  it 
is  most  probable  that  this  quartzite.  in  the  range  is  the  Alwar  quartzite. 

From  the  eastern  side  of  these  ridges  to  K&nkroli,  distant  about  12  miles  to 
the  south-east,  the  section  passes  over  dark  mica-schists,  including  an  occasional 
band  of  limestone,  rolling  and  dipping  most  frequently  at  low  angles  both  in  an 
eastern  and  western  direction.  The  hills  round  the  Kankroli  lake  are  formed  of 
white  marble,  dipping  to  south-west  and  south  at  an  angle  of  30°.  The  schists  of 
this  section  often  become  very  f elspathic ;  but  the  micaceous  and  f elspathic  schists 
are  so  mixed  up  that  I  found  it  almost  impossible  to  map  their  boundaries. 

From  Kankroli  east  to  the  granitic  gneiss  opposite  Chitor  the  section 
exposed  is  of  a  similar  character ;  some  ridges  of  the  Alwar  quartzites  are  occa- 
sionaUy  met  with,  as  at  Sdnder,  IJprera,  and  Gagar. 

In  the  whole  of  the  section,  from  the  foot   of  the  Desuri  pass  to  K&nkrolii 

granitic  intrusions  are  exceedingly  numerous :  this  is  parti. 

^^  '  cularly  the  case  in  the  pass  and  round  about  Jhilwara,  where 

the  granite  is  more  abundant  than  the  schists.    From  a  few  miles  east  of  JhUw&ra 
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they  become  leBS  frequent.  The  granite  is  composed  of  pink  or  white  orthoclase 
felspar  with  nnmerons  nests  of  large  plates  of  mica  (but  sometimes  the  mica  is 
entirely  absent)  quartz  in  very  varying  proportion,  and  tourmaline,  which  is 
seldom  entirely  absent  and  usually  is  very  [abundant.  The  veins  vary  in  size 
from  an  eighth  of  an  inch  to  several  yards  in  thickness :  they  mostly  run  parallel 
to  the  strike  of  the  schists,  but  frequently  cross  it  at  all  angles. 

The  granite  is  almost  confined  to  the  schists,  but  a  few  veins  are  occasionally 
seen  in  the  gneiss  and  sometimes  in  the  Alwar  quartzites. 

In  the  map  annexed  to  this  paper  the  granite  is  only  indicated  where  most 
abundant,  as  along  the  axis  of  the  range;  but  it  also  occurs  in  large  quantities 
on  both  sides.  It  is  also  occasionally  met  with  in  the  schists  between  the  range 
and  Chitor,  and  also  on  the  northern  flank  of  the  band  of  schists  south  of 
Deoli.  Frequently  the  granite  veins  near  their  termination  pass  into  quartz 
Teins. 

A  good  example  of  the  granite  veins  crossing  the  strike  of  the  schists  can  be 
Been  about  10  miles  north  of  Jhflwlira,  where  a  perfect  network  of  veins  crosses 
the  schists  in  all  directions,  leaving  bits  of  them,  a  few  feet  across,  enclosed 
and  surrounded  by  the  granite. 

The  Dawer  pass  is  about  16  miles  north  of  the  Desuri,  which  it  resembles 

both  in  protile  and  structure.  From  Kot,  at  the  base,  to 
the  top  of  the  pass  at  Dawer,  the  ascent  is  steep,  with  a 
difference  of  level  of  aix)ut  1,200  feet ;  but  to  the  east  of  Dawer  the  fall  is  very 
gradual.  The  rocks  of  the  pass  consist  of  schists  and  bands  of  white  marble,  the 
aetinolite  schists  occurring  at  the  top  and  at  Da^^er.  For  the  whole  way  up  to 
the  qnartzite,  at  2  miles  east  of  Dawer,  the  dips  are  high,  seldom  less  than  70°,  in 
both  an  eastern  and  western  direction ;  but  from  the  quartzite  ridge  eastwards, 
the  rocks  begin  to  roll  at  an  angle  of  20^  to  Aff,  The  section,  from  this  point  for 
along  distance  to  the  east,  consists  of  mica  schists  frequently  felspathic  and 
often  including  bands  of  limestone.  At  about  4  miles  east  of  the  quartzite 
ridge,  the  section  passes  over  a  large  pile  of  hills,  about  4  miles  long  and  1) 
broad,  formed  of  massive  quartzite,  but  which  does  not  continue  in  the  section 
either  to  the  north  or  south,  and  is  therefore  presumably  the  Alwar  quartzite. 

The  whole  section  contains  innumerable  granitic  intrusions,  particularly  at 
the  foot  of  the  pass  at  Kot,  in  the  centre  of  the  range  at  Dawer,  and  surrounding 
the  large  quartzite  hiU. 

The  section  in  the  Pipli  pass,   about   12    miles    further  north,   does  not 
p^   .       .  differ  materially  from  those  of  the  other  two  passes,  except 

in  the  more  frequent  quartzite  ridges.  In  this  pass  (or 
rather  just  to  the  north  of  it)  near  the  western  end  is  a  high  ridge  of  nearly 
Tertical  quartzite,  the  highest  point  of  which  is  the  Ghiram  H.  S.,  3,075  feet 
above  sea  level;  but  the  quartzite  is  not  seen  in  the  pass,  although  crossing  the 
line  of  its  strike.  The  ridge  is  about  4  miles  long  and  terminates  equally 
abruptly  at  the  northern  end.  Several  other  ridges  of  quartzite,  as  about 
Deogarh,  cross  the  section,  all  equally  discontinuous  and  presumably  all  belonging 
to  the  Alwar  quartzites.     Oneiss  is  met  with  about  7  miles  oast  of  Pipli,  the 
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intervening  ground  being  oooupied  by  scbists  and  bands  of  limestone.     Ghranitic 
inirosions  are  as  numerous  in  this  section  as  in  the  other  two. 

At  Todgarh,  situated  in  the  centre  of  the  range  about  8  miles  norih  of 

Pipli,  the  granitic  intrusions  are  so  numerous  as  to  be  is 

Todearh.    "^       on»  a      excess  of  the  other  rocks  in  the   section.     Prom  here  to 

the  north,  the  height  of  the  range  is  greatly  diminished,  as 

from  Todgarh  to  Bar&khar  (both  in  the  centre  of  the  range)  there  is  a  fall  of 

several  hundred  feet.  • 

Continuing  north  from  Bar&khar  to  Bedwar,  the  axis  of  the  range  is  onlj  a 
few  hundred  feet  above  the  level  of  the  plain  on  either  side,  although  the  hills  on 
both  sides  rise  to  several  hundred  feet  higher.  The  granite  intrusions  are 
exceedingly  numerous  in  the  low  country  in  the  axis  of  the  range. 

The  section  across  the  range  at  Beawar  difEers  from  the  other  sections  in  the 

quantity  of  gneiss  exposed  in  it.  The  gneiss  forms  hilla 
rising  to  nearly  1,000  feet  above  the  level  of  Beiwar. 
From  Bedwar,  the  western  side  of  the  range  is  reached  by  the  B&r  pass,  which 
winds  through  these  hills  and  never  attains  any  great  elevation.  From  Bedwar 
west  to  the  eastern  edge  of  the  hills,  hardly  any  other  rock  but  the  granite  is 
exposed.  Just  west  of  the  town,  the  church  is  built  on  a  ridge  of  schistose  quartz* 
ite,  but  which  along  its  continuation  further  north,  at  Makrera,  passes  into  massiye 
quartzite,  and  is  probably  the  Alwar  quartzite.  In  the  little  river  at  Thikrana 
there  is  an  outcrop  of  gneiss ;  where  the  road  passes  into  the  hills  near  Sar&dhna, 
the  outer  ridge  is  formed  of  white  quartzite,  dipping  to  east,  and  full  of  granite 
intrusions.    To  the  west  of  this  is  a  considerable  thickness  of  calcareous  beds  a&d 

schists,  and  then  a  quartzite  in  contact  with  the  large  pile 
Gneus  in  e  pas  .  ^^  gneiss  of  Chdng  and  Sendra.  The  outside  quartzite  ridge 
is  presumably  Alwar ;  but  the  second  band  (that  resting  against  the  gneiss)  can 
hardly  be  so,  as  it  is  inseparable  from  the  gneiss,  and  the  Alwar  quartzite  in  other 
places  is  known  to  rest  unconformably  on  a  gpeiss;  but,  on  the  other  hand,  the 
quartzite  does  not  appear  to  be  constant  in  the  section,  for  at  GhAng  and  near 
Sendra  the  rocks  in  contact  with  the  gneiss  are  schists.  There  is  a  quartzite  in  the 
railway  cutting  east  of  the  Sendra  station,  but  a  considerable  thickness  of  schists 
separates  it  from  the  gneiss;  the  overlap  of  the  Alwar  quartzite  is,  however, 
so  frequent  that  it  might  be  found  anywhere. 

From  Sarddhna,  the  road  passes  through  the  gneiss  hilk  for  several  miles  to 
near  Sendra,  when  the  schists  and  limestone  again  come  in  and  are  repeated 
several  times  in  the  next  3  miles  between  Sendra  and  Chauki.  A  couple  of 
bands  of  quartzite  occur  in  this  portion  of  the  section,  but  not  as  a  bottom  rock, 
and  they  are  probably  Alwars.  About  a  quarter  of  a  mile  south  of  the  road, 
another  large  pile  of  hills  of  gneiss  occurs  encircled  by  the  schists  and  limestone. 

For  a  mile  west  of  Chauki  the  road  passes  over  another  patch  of  gneiss,  where 
the  relation  of  the  schists  to  the  gneiss  is  well  seen ;  the  two  are  inseparable^ 
there  is  alternation,  and  large  blocks  of  the  schists  are  included  in  the  gneiss. 

From  this  patch  of  gneiss  to  the  western  edge  of  the  hills  (a  distance 
of  about  4  miles),  the  road  passes  over  schists  and  limestone  repeated  several 
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times.    At  the  western  side  of  the  range  the  schists  become  felspathio ;  and  a  little 

further  west^  in  the  plain,  there  is  a  hillock  of  gneiss.     In  the  whole  of  the 

section  of  the  B&r  pass  I  did  not  notice  a  single  instance  of  a  granite  intrusion  *, 

bat  on  the   western  side  of  the  range  near  B£r,   it  again  became  freqnent. 

West  of  Bir,  to  Jhnnta,  distant  about  8  miles,  the  road  passes  over  the  plain, 

on  which  some  hills  of  blown  sand  occur,  nearly  200  feet  in  height.     At  Jhunta 

tliere  is  an  outlying  ridge  formed  of  the  schists  and  limestone,  in  which  granite 

^  ,,  ^  a  .  ^  intrusions  are  numerous.     For  the   next  20  miles  alonir 

vmdiiTUui  at  Sojat.  . 

the  road,  no  more  rock»  are  exposed,  but  at  Sojat  the 

schists  again  crop  up,  with  the  nearly  horizontal  Yindhyans  resting  upon  their 

nptnmed  edges. 

From  Be&war  eastwards,  the  section  along  the  road  for  the  first  5  miles, 
.  ^  «  -  to  the  foot  of  the  hills,  is  very  imperfect ;  it  appears  to 

consist,  to  a  great  extent,  of  intrusive  giunite ; — ^the  only 
other  rocks  seen  are  some  schists  at  Bedwar  and  Gadi,  three  low  ridges,  of 
Alwar  quartzites,  all  dipping  to  the  west,  with  some  actinolite  schists  under, 
lying  the  eastern  ridge.  The  road  then  ascends  i^e  hills,  about  350  feet  in 
height,  consisting  to  a  great  extent  of  limestone  more  or  less  pure.  In  these 
hills,  about  2  miles  in  width,  no  granite  intrusions  were  observed  ;  but  on  the 
eastern  side,  near  Elhimpura,  they  again  become  numerous.  East  of  Khimpura 
the  section  passes  over  some  dark  mica>schists,  which  further  east  become 
felspathic,  and  east  of  Mastida  foliated  gneiss  occurs.  East  of  this  band  of  gneiss, 
the  black  schists  again  come  in  with  some  quartzite,  apparently  above  them ; 
G   •        Blii    "hilla       both  are  more  or  less  fclspathic.     Further  east,  the  Bhinai 

hills  are  formed  of  a  peculiar  kind  of  gneiss,  being  not 
much  more  than  a  quartzite  containing  some  felspar ;  it  dips  at  low  angles,  the 
southern  side  to  the  north  and  the  northern  to  south,  and  does  not  differ  much 
from  the  quartzite  above  the  schists  west  of  Masdda,  except  that  it  may  be  some- 
what more  felspathic.  On  the  southern  side. of  the  Bhinai  hills  are  some  hills  of 
a  granitic  gneiss,  but  no  junction  between  the  two  kinds  of  gneiss  was  exposed. 
Bhinai  is  near  the  edge  of  the  plain,  and  a  few  miles  to  the  east  is  an  isolated 
hiU  about  70  feet  high,  formed  of  a  nearly  horizontal  and  slightly  felspathic  and 
gametiferous  quartzite,  resting  upon  schists  and  homblendic  beds. 

The  section  across  the  range  at  Ajmir  difEers  from  the  others  in  the  number 

Aimfr  fection.  *"^^  ^^^  ^^  *^®  ridges  of  quartzite  which  cross  it.     At  the 

city,  the  Tdragarh  hill,  formed  of  the  Alwar  quartzites, 
rises  to  a  height  of  upwards  of  1,300  feet  above  the  level  of  the  country  near  Ajmir. 
This  quartzite  is  repeated  in  the  ridge  east  of  the  Ana  Sagar ;  it  here  forms 
an  anticlinal,  the  western  limb  of  which  is  seen  in  the  pass  leading  to  Pohkar  ; 
under  the  eastern  limb,  on  its  western  side,  are  some  schists  dipping  to  east»  and 
which  on  the  low  ground  become  gneissose ;  near  the  axis  of  the  anticlinal  these 
gneiasose  schists  are  horizontal.  In  the  Pohkar  pass  the  rocks  all  dip  to  west, 
near  the  base  at  a  low  angle  and  at  top  much  higher.  The  foot  of  the  pass  is  in 
mica-schist,  which  higher  up  becomes  gneissose  and  succeeded  by  more  schists 
capped  by  the  Alwar  quartzites  dipping  at  70**  to  west.     The  next  two  ridges 

B 


286  Seeords  of  He  Oeological  Survey  of  India.  [vol.  xvf. 

(those  east  and  west  of  Pohkar)  are  formed  ezclnsiyelj  of  the  Alwar  quartzites, 
and  the  westernmost  ridge  of  the  range,  about  4  miles  farther  on,  facing  the  pl^n 
is  also  formed  of  Alwar  qnartzites  dipping  to  west,  with  some  schists  and  lime- 
stone on  the  eastern  side.  The  ground  between  these  ridges  is  covered  by  blown 
sand. 

East  of  Ajmir,  the  Alwar  qnartzites  are  repeated  five  times  in  the  section,  tbe 
intervening  low  ground  being  occupied  by  schists  and  limestone  in  whicii 
intrusive  granite  is  of  frequent  occurrence, 

At  Srinagar,  the  eastern  ridge  of  quartzite  is  very  felspathic.  This  is  better 
seen  near  Bara  Udepur,  a  few  miles  to  the  north,  whore  the  felspar  is  arranged 
between  the  laminas,  and  varies  in  thickness  from  a  thin  film  to  an  inch,  and 
sometimes  nearly  a  foot.  It  is  probably  due  to  th€  granite  intrusions*  Farther 
east,  after  crossing  2  or  3  miles  of  schists,  more  or  less  felspathic,  the  sectioa 
passes  on  to  foliated  gneiss,  which  continues  for  several  miles,  up  to  the  plains 
on  the  east. 

North  of  Ajmir,  the  range  becomes  very  broken,  and  near  the  S^mbhar  lake  it 

consists  almost  entirely  of  the  Alwar  quartzites,  repeated 
Ai^.  ""*^   °°        °       ^^®   °^  ^  times,  forming  high,  narrow,  parallel,  nearly 

vertical  ridges  a  mile  or  so  apart,  the  intervening  groand 
being  covered  by  blown  sand.  Under  some  of  the  ridges  a  small  tbickne$» 
of  the  schists  is  exposed,  and  at  Makr^na,  on  the  western  side  of  the  rang^i 
the  famous  white  marble  quarries  are  situated.  The  marble  occurs  in  some  low 
ridges,  in  very  regular  beds,  about  2  feet  in  thickness,  dipping  at  70**  to  east. 
The  longest  of  these  ridges  is  about  5  miles  in  lengthy 

A|;>out  50  miles  further  north,  the  range  again  becomes  more  important  both 

in  elevation  and  breadth.  The  sections  are  very  similar, 
except  that  they  contain  very  few  granite  intrusions,  and 
consist  of  gneiss,  schists,  and  limestone,  with  the  Alwar  quartzite  capping  thein 
and  forming  the  high  peaks.  The  famous  old  copper  mines  of  Khetri  aod 
Singhana  are  situated  in  this  portion  of  the .  range ;  the  former  occurs  in  the 
schists,  and  the  latter  in  the  quartzites. 

The  Arvali  range  may  almost  be  said  to  terminate  at  Singhana,  for,  north  of 

^    .^,        ,_^  this,  the  quartzites  alone  continue  and  form  a  few  narrow 

Flexible  sanoBtone,  ,      '  7,  -r^^ ,  .       ,       .     ^rv       -^       j- i  ^^ 

broken  ndges  to  near   Dadn,    about   40   miles  distani. 

The  *  flexible  sandstone '  occurs  at  Kaliana,  in  one  of  the  quartzite  ridges  near 

their  termination.     The  Alwar  quartzite   at  this  place  is  largely  quarried  for 

millstones,  and  the  flexible  rock  is  well  exposed  in  the  quarries.     It  appears  to 

be  very  local  in  its  occurrence,  and  the  flexible  character  is  not  continuous  for 

many  feet,  even  in  the  same  bed ;  it  seems  to  be  a  partially  decomposed  condition 

of  the  millstone-quartzite.' 

The  northern  portion  of  the  Arvali  range,  about  Singhfina,  is  connected  ^^^^ 

the  Alwar  hills  by  the  hills  in  Torawfiti.    The  rocks  at  the 
WW  wui  ^l^tedf  ^^'     northern  end  of  these  hills  strike  in  a  Hue  parallel  to  those 

of  the  Arvali   range,  but  within  a  short  distance  the 

»  Records,  Vol.  VII,  p.  30. 
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strike  bends   southwards,  and  the  hills   extend   in  that  direction   to   a  short 
distance  beyond  Jaipur. 

The  sections  in  the  Toraw&ti  hills  are  similar  to  those  of  the  Arvali  hills,  and 
extend  from  the  gneiss  to  the  Alwar  quartzite.  Intrusive  granite  is  very 
abundant  in  the  schists  near  where  the  Lota  river  cuts  through  the  hills.  South 
of  Ajitgarh,  the  ridges  are  formed  almost  entirely  of  the  Alwar  quartzite,  and 
the  fort  at  Jaipur  is  built  on  it. 

These  quartzites  are  continuous  through  the  Alwar  hills,  where  they  are 

largely  developed,  three-fourths  of  the  hills  being  formed 
of  them.     In  these  hills  the  quartzites  are  almost  always 
nearly  vertical,   and  much  twisted  along  the  strike,   sometimes   describing  a* 
complete  semi-circle ;  they  here  include  a  number  of  thick  bands  of  contem- 
poraneous trap.     This  is  also  the  case  in  the  adjoining 

WW  hUk."^^^^  ^  '     P*'^  ^^  ^^®  Arvali  range,  near  Khandela.     The  older  rocks 

occur  in  the  Ajabgarh  valley,  near  Baldeogarh,  and  east 
and  south  of  the  city  of  Alwar,  and  consist  of  schists  and  slates  containing 
crystals  of  andalusite  staurolite  and  garnet ;  and  limestones,  often  in  the  form 
of  marble  and  frequently  containing  actinolite ;  and  gneiss.  AU  are  probably 
the  representatives  of  the  Arvali  series — in  fact,  the  slates  in  the  Ajabgarh 
valley  can  be  traced,  through  a  broken  line  of  hills,  into  connection  with  those  of 
the  range.  The  line  of  hills  is  broken,  the  hills  being  in  some  cases  several  miles 
apart ;  but  as  they  occur  along  the  line  of  strike,  and  the  slates  in  all  of  them 
are  very  similar,  there  can  be  little  doubt  that  they  are  all  formed  of  the  same 
band  of  rock. 

The  northern  extremity  of  these  hills  is  some  miles  west  of  Bewdri,  where 
the  slates  are  largely  quarried  for  roofing  purposes.  From  this  point  another 
nearly  continous  line  of  these  slates  extends  in  a  south-west  direction,  or  some- 
what oblique  to  the  other  line,  into  the  Arvali  range,  and  there  underlie  the 
quartzites. 

At  the  southern  extremity  of  the  Alwar  hills  the  quartzites  overlap  the  slates 
and  limestone,  and  rest  directly  upon  the  gneiss. 

£ast  of  the   Alwar  hills,  the  rock  most  frequently  exposed  is  thd  Alwar 

quartzite,  forming  long  roughly  parallel  ridges  and  some 
tbeJUwwwS   ^       ^       large  piles  of  hills  separated  from  each  other  and  sur- 
rounded by  the  alluvium.     In  the  hills  round  Kdman,  in 
Bharatpur,  no  other  rocks  are  exposed ;  but  in  the  hills  near  Dig  (Deeg),  a  con- 
Sl&tM  t  T>{  siderable  thickness  of  the  Arvali  slates  is  exposed,  dipping 

at  low  angles,  capped  by  a  few  beds  of  Alwar  quartzite 
and  surrounded  by  alluvium. 

ThA  Fatehpuf  Bikri  line  of  hills, — ^At  the  northern  end  of  this  line,  the  rocks 
V       Vindh  ®^  *^®  Upper  Vindhyan  series  face  the  plain  to  the  north. 

west.  The  ruinous  town  and  palace  of  Fatehpur  Sikri 
are  built  on  a  ridge  of  the  Bhanrer  sandstone,  the  highest  group  of  the  series. 
The  two  lower  groups  of  the  series,  the  Rewa  and  Kaimur,  occur  in  broken 
isolated  ridges  a  short  distance  to  the  north-west  of  the  Bh&nrer  scarp. 
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About  30   miles  down  the  line,   in   a   sontb-westerly   direction,  the  Biin& 

hills,  in  whicli  the  Alwar  qnartzites  are  largely  developed,  occnr  at  about  2  miles 

to  the  north-west  of  the  Vindhyans ;  but  the  intervening  ground  is  covered  by  the 

„.  ,  alluvium.    Near  Hindaun,  a  few  miles  further  south-wcet, 

there  is  a  long  broken  ridge,  formed  of  nearly  vertical 
banded  red  jasper,  black  slates,  and  limestone,  with  a  band  of  quartzite  reetinp; 
uuconformably  on  them.  The  jasper,  &c.,  nndoubtodly  belong  to  what  has 
hitherto  been  described  as  the  Gwalior  series,  and  which  there  is  some  evidence 
to  think  forms  pi^  of  the  Arvali  series.  The  qnartzites  are  probably  the  Alwar 
qnartzites. 

No  junction  between  these  rocks  and  the  Vindhyans  is  exposed ;  but  as  the 
Yindhyan  sandstone  in  the  Bangu  hill  overlaps  the  line  of  the  Arvali  rocks,  and 
the  bottom  beds  of  the  sandstone  are  conglomeratic,  with  pebbles  of  red  jasper, 
there  can  be  little  doubt  the  Vindhyans  rest  unconformably  upon  the  older  rocka. 
From  near  Hindaun  and  for  a  long  distance  to  the  south-west,  the  boundary  of 

this  main  Vindhyan  area  is  a  faulted  one.     The  northern 

end   of  the    fault  dies   out  within  the   Vindhyan  area 

near  Machilpur,  about  10  miles  east  of  Hindaun ;  but  |at  a  short  distance  Bontb 

of  Kerauli  the  Bhanrer  sandstone  is  faulted  against  a  ridge  of  the  Alwar 

quartzite. 

The  BhAnrer  sandstone,  on  the  south-east  side  of  the  line  of  fault,  is  nearly 

horizontal.     It  continues  for  a  long  way  in  that  direction,  and  forms  the  high 

land  overlooking  the   Ghambal  river.     On  the  other  side  of    the  fault,  the 

Alwar  quartzite  dips  at  a  high    angle  to   the   north-west.    Besting  upon  the 

quartzite  is  a  thick   band   of  limestone  with  a  siliceous  breccia  above  it :  and 

^  XI  •     ^  jv  above  that,  «andstone,  with  two  alternations  of  shales  and 

OuUying  yindnyaiis. 

sandstone,  to  the  top  of  the  section.     These  sandstone 

and  shales  are  most  probably  the  lower  groups  of  the  Upper  Vindhyans,  as  they 

resemble  them  both  in  section  and  character. 

The  limestone  and  breccia  are  inseparable'  from  the  lower  sandstone,  for  in 

T         tr.  jt.  a  hill  north  of    N&roli  some  beds    of  the  breccia  are 

Lower  Vindhyani.  -.  v  a 

intercalated  with  the  lower  beds  of  the  sandstone,  so  that 

probably  the  limestone  and  breccia  are  the  representatives  of  the  Lower 
Vindhyans  in  this  area ;  they  would  correspond  to  the  Tirhowan  (Botas)  lime- 
stone and  breccia  of  that  series  in  Bundelkhand.  These  rocks  form  two  shallow 
synclinals,  extending  for  about  12  miles  along  the  north-west  of  the  feult. 
The  synclinals  do  not  extend  far  sonth,  and  only  the  Lower  Vindhyans  cross  the 
Bands  river. 

No  satisfactory  junctions  aro  exposed  between  the  Alwar  quartzite  and  the 
overlying  limestone  near  the  fault ;  but  at  the  south-western  end  of   the  western 
synclinal,  in  the  Malfima  hills,   the  Lower  Vindhyans  rest  unconformably  upon 
Uie  schists  (Arvali)  below  the  Alwar  qnartzites. 
'     South  of  the   Ban&s  river,  the  Alwar  quartzite  expands  into  a  broad  belt  of 

-,.   ,     ,       ,  .„  hills,   upon  which  the   old  fort  of   Rimtumbour  is  built ; 

Rimtumbonr  liiUs.  »       r  . ,  -i 

they  are  nearly  6  miles  wide,  and  present  a  steep  scarp, 
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Bereral  hundred  feet  in  height  on  either  side.  The  qnartzites  form  a  shallow 
synclinal,  the  dips  on  either  side  being  never  more  than  20  degrees  and  more 
frequently  at  10  degrees.  They  inclnde  several  bands  of  contemporaneous  trap, 
Bome  upwards  of  50  feet  in  thickness. 

The  unconformity  between  the  Lower  Vindhyans  and  the  Alwar  quartzites 
is  well  seen  in  these  hills.  The  limestone  and  breccia  cross  the  Bands  and 
rest  upon  the  quartzites  at  the  northern  end  of  the  hills  ;  but  on  their  western  side 
the  limestone  rests  upon  the  schists  at  the  base  of  the  high  scarp  of  quartzites, 
these  schists  (Arvali)  being  of  course  below  the  quartzites  in  the  section.  Near 
Sherpnr  there  is  a  considerable  thickness  of  a  boulder  conglomerate  below  the 
limestone,  formed  of  large  boulders  of  quartzites,  very  like,  and  most  probably 
derived  from,  the  Alwar  quartzites  of  the  Bimtumbour  hills,  only  a  few  hundred 
yards  distant.  From  a  few  miles  south-west  of  Sherpur,  the  Lower  Vindhyans 
are  not  again  seen  along  the  line  on  the  north-western  side  of  the  fault. 

Good  sections  of  the  f  aalt  are  exposed  on  the  eastern  side  of  the  Kimtumbour 

«  ^.      m  m    ^^  hills,  where  the   shales  below  the  Bhanrer  sandstone  are 

Section  of  fault.  '  .  .  ,     , 

seen  nearly  m  contact  with  the  quartzite. 

The  next  important  section  along  the  line  is  near  Indargarh.   A  short  distance 
TndATffA  h  north-west  of  the  town,   the   Bhdnrer  group,  consisting 

of  the  sandstone  shales  and  limestone,  dipping  at  an  angle 
of  20  degrees  to  i^orth-west,  runs  from  the  south  almost  at  right  angles  into  a  large 
bill  of  Alwar  quartzites,  against  which  it  is  faulted.  The  two  lower  groups  of  the 
Upper  Vindhyans  (the  Bewa  and  Kaimur)  are  exposed  in  the  narrow  belt  of  hills 
on  the  south-eastern  side  of  the  fault  dipping  below  the  Bhdnrers. 

At  Biindi,   about  40  miles  further  south-west  along  the  fault  line,  inside 
-   ,.  the  gateway   at  the  gap   about  3  miles  north  of  the  city, 

the  Bhdnrer  limestone  is  faulted  against  a  great  ridge 
of  quartz  rock,  without  bedding,  that  may  be  a  quartz  reef  running  along  the 
line  of  &ult.  As  at  Indargarh,  both  the  Kewa  and  Kaimur  groups  of  the 
Upper  Vindhyans  are  found  dipping  under  the  Bhdnrer  limestone  in  the  belt  of 
hills  about  Bundi,  on  the  southern  side  of  the  fault.  On  the  northern  side  of 
the  fault  there  is  a  wide  spread  of  Arvali  slates  extending  from  the  ridge  of 
quartzite  to  near  Deoli,  about  25  miles  distant. 

In  the  projecting  hills,  a  short  distance  north  of  the  gateway  and  on  the 

northern  side  of  the  fault,  there  is  a  considerable  thick- 
tide  of  &nlt  ^^  "*™  "®^  °^  nearly  horizontal  sandstone,  extending  three- 
fourths  of  the  way  to  Indargarh.  It  mostly  dips  at  low 
angles  and  forms  hills,  in  places^  several  hundred  feet  high.  On  the  northern 
side  no  junctions  are  exposed  between  it  and  the  slates ;  but  at  the  tormina* 
tion  of  the  sandstone,  in  the  projection  north-east  of  the  gateway,  it  rests 
npon  the  slates.  The  slates  at  the  base  and  half  way  up  the  h^ls  are  somewhat 
contorted,  and  the  capping  of  horizontal  sandstone  rests  upon  the  edges  of  the 
different  beds.  The  quartz  rocks  and  slates  continue  for  a  few  miles  east  on  the 
Boathem  side  of  the  sandstone,  but  no  junctions  were  observed.  ' 

This  sandstone  is  probably  an  outlier  of  the   Kaimur,  the  lowest  group  of  the 
Upper  Vindhyans,  on  the  northern  side  of  the  fault. 
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Fop  about  50  miles  sonth-west  of  Bdndi  the   Upper  Vindhyanfl  are  faulted 

against  the   older  rocks,   to  near  Bamndni,  where    the 
Western  boundary  of      -^^gtem   boundary   may   be   said  to   begin.     Along    tliis 
yan».  western  boundary  the  three  Upper  Vindhyan  groups  occur : 

the  Kaimurs  form  a  ridge  of  sandstone  dipping  at  about  70°  to  east^  being  in  con- 
tact with  the  gneiss  at  the  base  of  the  ridge  on  the  west ;  the  Re  was  form  a  second 
parallel  ridge,  200  or  300  yards  further  east,  also  dipping  to  the  east,  below 
the  Bhanrers.  At  their  northern  end  these  ridges  are  cut  oS  by  the  fault  near 
Barundni. 

The  iAvli  probably  continues  some  distance  further  in  a  westerly  direction, 

west  of  Barundni,  but  it  is  not  easy  to  trace  it  beyond  the 
Continuation   of    the      Vindhyan  boundary.     The  line  of  junction  between  the 

slates  to  the  north  and  the  gneiss  to  the  south  being*  in  a 
direct  line  with  the  fault,  probably  marks  its  continuation,  but  no  section  of  this 
junction  is  exposed. 

The  Arvali  slates  on  the  northern  side  of  the  fault  between  Btindi  and  Deoh 

are  somewhat  contorted  near  the  faulty  and  contain  bands 
Section  between  Bdn-         •,.         .  •rx.e-  -lj.  -i^        -.xi.    x    tt-    j  t 

diandDeolL  ^*  limestone;  but  from  about  a  mile  north,  to  Hmdoli, 

the  section  consists  entirely  of  slates,  imperfectly  cleaved, 
and  dipping  at  about  an  .angle  of  50°,  to  north-30°-west.  North  of  Hindoli,  the 
section  passes  over  some  quartz  schists  dipping  at  about  30°  tQ  north ;  and  near 
Bosuudo  slates  with  thin  bands  of  quartzites  dip  at  lower  angles  ;  between  this 
and  Kabra  the  schists  begin  to  roll,  and  include  large  veins  of  quartz  with  a  strike 
parallel  to  that  of  the  schist.  After  passing  over  more  slates  and  limestone 
with  low  dips,  the  section  consists  of  mica  schists  frequently  garaetiferoua,  and 
the  last  3  miles  of  the  schists  up  to  the  alluyium  contain  innumerable  granite 
veins. 

Other  sections  across  this  band  of  slates  vary  slightly  from  that  just  given : 

thus  at  Datunda,  about  10  miles  west  of  Bdndi,  there  are 
Datunda.  some   purple-coloured    slates,   much   contorted,    on    the 

northern  side  of  the  fault,  dipping  under  a  band  of  quartzite 
on  which  Datunda  is  built ;  the  quartzite  dips  north  at  about  40^  below  some  slates 
and  a  thick  band  of  limestone — the  former  containing  some  trap.  On  this  section 
too  there  are  some  large  ridges  of  quartzite,  presumably  the  Alwar  quartzite,  at 
Jhajpur  and  near  Sakargarh. 

Mandalgarh,  situated  about  a  mile  north  of  the  fault,  is  built  on  a  large  hill 
several  miles  in  length  of  the  Alwar  quartzites  resting  upon  the  slates.  The 
quartzite  contains  several  thick  bands  of  contemporaneous  trap  similar  to  that  of 
the  Rimtumbour  and  Alwar  hills.  Another  large  hill  of  the  Alwar  quartzite 
occurs  about  4  miles  east  of  Mandalgarh. 

On  the  plain  to  the  north  of  Deoli,  several  large  hills  occur.   The  principal  of 

these   are  those  of  Edjmahal,   Sawar,   and   Tonk.    The 

5u^i.  ^"  v*^®    P^*^     Rijmahdl  hills  are  formed  of  high  ridges  of  quartzite, 
north  of  Deoh.  •"  , ,      1 1  ..,,.1,  ..i.  ,.. 

presumably  Alwars,  with  highly  gametiferous  schists  on 

the  low  ground.     Numerous  pits  have  been  sunk  in  the  schists  in  search  of  g^- 

nets,  but  the  workings  are  now  abandoned. 
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Tlie  S&war  and  Tonk  hills  are  also  formed  of  the  Alwar  qnartzite  rolled  up 
with  the  Arvali  schists.  The  former  occur  in  high  nearly  vertical  ridges.  The 
schists  in  the  Sdwar  hills  contain  some  thick  bands  of  limestone. 

The  western  boundary  of  the  Kaimur  sandstone,  the  lowest  group  of  the 

Upper  Vindhyans,  extends  from  near  Barundni  in  a 
the  vfndhyana'*''  ^^  southerly  direction  past  Basi,  to  within  a  dozen  miles  of 

Nimach  (Neemuch),  when  the  boundary  turns  to  the 
east  and  extends  in  that  direction  in  an  irregular  line  to  a  short  distance  east  of 
Jhalrapatan,  where  it  is  covered  by  the  Deccan  trap.  Between  Barundni  and 
Basi,  the  Kaimur  sandstone  dips  at  a  high  angle  towards  the  east,  but  thence  to 
Jhabapatan  it  becomes  nearly  horizontal  and  forms  a  scarp  upwards  of  500  feet 
in  height. 

Several  outliers  of  the  Kaimur  sandstone  occur  in  the  lower  country  to  the 
west,  on  one  of  which,  about  3  miles  distant  from  the  main  hills,  Chftorgarh 
is  built. 

Between  Barundni  and  Basi  the  Kaimur  sandstone  is  in  contact  with  the 
•        V  ah  gneiss,  but  south  of  Basi  the  Lower  Vindhyans  intervene 

and  occupy  the  low  country  in  &ont  of  the  scarp  the  whole 
way  round  to  Jhalrapatan. 

There  is  some  doubt  as  to  which  series  the  rocks  on  the  low  ground  in  the 

neighbourhood  of  Basi  belong.  The  scarp  is  formed  of 
^^n  roc  8   near      olive-green  shales,  containing  thin  bands  of  sandstone, 

which  become  more  and  more  numerous  on  ascending  and 
imperceptibly  pass  into  the  Kaimur  sandstone  capping  the  scarp.  There  can  be 
no  doubt  that  the  whole  of  these  are  Vindhyans  ;  but  at  the  base  of  the  scarp 
are  some  dove-coloured  slates  with  some  bands  of  grey  qnartzite  in  the  low  hills 
a  short  distance  to  the  west.  The  slates  are  a  good  deal  disturbed  and  dip  at 
30°  to  the  north  a  short  distance  from  the  nearly  horizontal  Vindhyan  shales.  I 
think  it  probable  that  the  slates  are  Arvali  and  the  qnartzite  Alwars. 

But  a  few  miles  to  the  south-west  the  Lower  Vindhyans  are  well  developed 

and  occupy  a  large  area.     They  consist  of  shales,  limestone, 
I^wer  VindhyaoB  near      ^^^^  sandstone,   often  conglomeratic  and  sometimes  con- 
taining large  boulders. 

The  only  section  that  I  observed  of  the  junction  of  the  Lower  Vindhyans 

with   the  rocks  below  was   about  3  miles  north-east  of 
Junction  of  LowCTjin       Binota,  where  the  former  rest  upon  the  qnartzite  of  the 

Delhi  series.  The  qnartzite  dips  at  about  10**  to  the  west, 
and  upon  this  rests  a  fine  conglomeratic  sandstone,  here  the  bottom  bed  of  the 
Lower  Vindhyans ;  above  this  comes  a  considerable  thickness  of  red  shales  dipping 
nnder  a  thin  and  regularly-bedded  blue  limestone,  very  fine  in  texture  and  ap- 
parently suitable  for  lithographic  purposes.  About  half  way  across  to  Binota 
the  dip  changes  to  east  and  the  lower  beds  are  again  exposed.  ■  After  passing 
over  the  limestone  and  red  shales,  the  finely  conglomeratic  brown  sandstone 
appears,  but  not  as  a  bottom  rock,  for  below  this  is  some  thickness  of  uncon- 
glomeratio   sandstone ;  but  the  lowest  beds  seen  do  contain  large  boulders  of 
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qnartzite,  one  meaanring  3  feet  across.  Neither  the  bottom  beds  nor  the  rocb 
upon  which  they  rest  are  exposed  in  this  western  ezposnre. 

Although  no  other  junction  section  was  observed  in  the  main  area  of  the  Lower 

Yindhyans,  still  near    Kanoj,  about  3    miles   west   of 
Outlier  of  Loiver  Vin-      their  western  boundaiy,  there  are  some  large  outliers  of 

the  Lower  Vindhjans  resting  perfectly  uncouformablj 
upon  quartzite  and  some  trap  probably  Alwar  rocks.  The  bottom  sandstone  of 
the  Lower  Yindhyans  crosses  the  strike  of  the  quartzite,  and  contains  large 
boulders  of  it.  When  the  sandstone  rests  upon  the  trap  it  includes  a  good  deal 
ol^decomposed  trap,  presumably  derived  from  the  trap  below,  and  boulders  of 
quartzite. 

The  best  sections  of  the  Lower  Yindhyans  are  exposed  in  the  neighbourhood  of 

Chitor.   A  portion  of  the  red  shales  is  seen  below  the  lime- 
Section      of     Lower      gtone,  near  the  western  boundary.   The  limestone  is  repeat- 
ed several  times  in  the  section  and  is  seen  on  both  sides 
of  the  Chitorgarh  hill.     Above  this  are  some  red  slaty  beds  which  pass  into  the 
olive-green  shales   and  thin-bedded  sandstones,   which  gradually  pass  inte  the 
Kaimur  sandstone  of  the  scarp. 

It  would  seem  probable  that  the  Lower  Yindhyans  were  cut  off  to  the  north 

by  a  fault,  for  north  of  Chitor  the  limestone  striking 
f  Sted '    Vmdhyang  north  and  south  mns  dose  up  to  a  band  of  quartzite 

striking  north-east ;  but  there  is  about  a  hundred  yards 
of  covered  ground  between  the  two,  in  which  the  lower  beds  may  exist.  Again, 
further  west,  near  Nagri,  another  parallel  fold  of  the  limestone,  with  a  north 
and  south  strike,  extends  to  within  a  short  distance  of  the  gneiss.  North-west  of 
this  the  limestone  does  not  appear  in  the  section,  but  the  shales  above  are  brought 
in  contact  with  the  older  rocks. 

It  may  be  that  the  supposed  fault  extends  to  the  north-east  and  joins  the 
main  boundary  fault  near  Barundni,  for  between  that  and  Basi  the  Lower  Vin- 
dhjans ai*e  cut  out  of  the  section,  and  the  Kaimur  sandstone  is  brought  against 
the  gneiss. 

To  the  south,  in  the  neighbourhood  of  Nimach,  the  continuation  of  the  Lower 

Yindhyans  is  covered  by  the  Deccan  trap.     The  limestone 
Southern  bonndaTT  of      ^  ^^^  ^^^^^   ^^  Jdwad,  but  east  of  that  only  a  narrow 
the  Lower  Vinan^ans.  '  -    «-  . 

fringe  of  them  is  exposed  between  the  scarp  of    Kaiinnr 

sandstone  to  the  north  and  the  Deccan  trap  to  the  south. 

Near   Rfimpura,  the   Kaimur  sandstone  by  a  change  of  dip  to  the  south 

forms  a  narrow  anticlinal,   in  which  the  upper  beds  of 
Anticlinal  in  Ymdhyant.      ^^^   ^^^^^   Yindhyans,  and  occssionally  the    limestone, 

are  seen.  This  anticlinal  extends  east  to  a  few  miles  east  of  Jhalrapatan,  where 
the  Deccan  trap  covers  its  continuation  east  and  spreads  over  the  Kaimur  sand- 
stone. 


The  series  of  rocks  that  I  have  named  the  Delhi  aeries,  from  the  quartzites 

of  the  ridge  at  Delhi   forming  a  portion  of  the  series,  is 
e   :  series.  largely    developed  to  the   west  and  south   of  Nimach. 
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It  forms  three  ronghlj  parallel  ranges  of  hills  mniiing  nearly  north  and  south, 
which  are  mostly  connected  on  the  low  ground  by  the  lower  rocks  of  the  series. 
Elsewhere  the  connection-  is  broken  by  outcrops  of  the  older  rocks,  or  by  wide 
spreads  of  the  Deccan  trap.  The  eastern  and  longest  range  extends  from  near 
Nimbahera  on  the  north  to  Mandsaur  on  the  south.  Althongh  it  is  broken  in 
two  places  by  flows  of  the  Deccan  trap  passing  between  the  hills^  there  can  be 
no  donbt  that  the  rocks  all  belong  to  the  Delhi  series.  The  second  or  middle 
range  is  that  of  Chhoti  Sltdii,  and  the  third  or  western  that  of  Bari  Sddri.  - 

The  rocks  of  the  two  former  are  covered  on  the  north  by  the  Lower  Vindhy- 
ans,  and  to  the  south  those  of  the  eastern  range  are  surrounded  by  the  Deccan 
trap  near  Mandsaur,  and  the  middle  range  rests  upon  the  gneiss.  Those  of  the 
western  range  rest  upon  three  sides  upon  the  gneiss,  and  on  the  fourth  or  east- 
em  side  are  connected  in  the  low  ground  with  the  other  ranges  by  the  lowest 
beds  of  the  series. 

The  Delhi  series  in  these  hills  consists  of  a  conglomeratic  sandstone,  or  im- 
pure hmestone  at  base,  covered  by  about  200  feet  of  shales,  and  capped  by  a  vary- 
ing thickness  of  quartzite. 

The  dips  are  mostly  low,  seldom  higher  than  20^  and  in  the  Mandsaur  hills 
nearly  horizontal,  but  in  the  Bari  Sdriri  hills  are  frequently  high  and  some- 
times vertical. 

A  nearly  continuous  section  of  the  series  can  be  obtained  across  the  three 

ranges  along  a  line  west  from  Jiran.  At  Jirau,  the  lower 
u^fr^m  J^^  *^**  portion  of  the  top  quartzite  dips  to  the  east  below  the  Dec- 
can  trap.  West  of  this  ridge,  the  shales  dip  east  below  the 
quartzite.  On  crossing  the  low  ground  to  west,  the  shales  change  their  dip  to  west, 
and  dip  under  the  quartzite  in  the  pass  leading  to  Ghitakhera  ;  thence  west,  the  line 
passes  over  several  miles  of  nearly  horizontal  quartzite,  which  on  the  western 
side  of  the  eastern  range  dips  to  west,  re-appearing  in  the  middle  range  with  an 
eastern  dip.  This  synclinal  in  the  quartzite  is  filled,  for  a  width  of  about  2 
miles,  witii  the  Deccan  trap.  After  crossing  3  miles  of  nearly  horizontal 
quartzite  and  descending  the  ghikt  west  of  Chhoti  Sddri,  the  shales  are  again  seen 
dippiDg  nnder  the  quartzite  to  east.  The  shales  dipping  in  both  directions 
continue  for  sonae  distance  in  the  section,  when  in  the  low  ground  the  lowest 
beds  are  reached,  consisting  of  either  a  conglomeratic  quartzite  or  an  impure 
limestone  containing  small  pebbles  of  rolled  quartz.  They  both  appear  as  the 
bottom  beds  in  places.  On  the  eastern  side  of  the  western  range  the  shales  again 
appear,  dipping  west  under  the  quartzite.  The  quartzite  of  this  western  range 
is  far  more  disturbed  than  in  the  other  ranges,  is  often  vertical,  and  there  v»  a 
much  greater  thickness  of  it.  On  the  western  side,  the  last  beds  of  quartzite 
dip  at  60'  to  east,  with  small  outcrops  of  shales  on  the  low  ground ;  but  the 
section  from  the  hills  to  the  gneiss,  a  short  distance  further  west,  is  mostly 
covered. 

Along  this  section  the  rocks  upon  which  the   Delhi  series  rest   are   not  ex* 

.  posed ;  but  a  short  distance  south  of  the  line,  near 
i.'ri„^  Dhaulapdni,    gneiss  is   seen  ;  and  althongh   no   absolute 

junction  section  is  exposed,  still  there  can  be  no  doubt  as 

c 
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to  the  relation  of  tlie  two,  for  the  bottom  beds  of  tbe  Delhi  series,  the  con^o- 
meratic  quartzite,  contains  pebbles  of  the  gneiss,  and  for  some  distance  soatli 
small  outlying  patches  of.  the  conglomerate  are  met  with,  resting  npon  the 
gneiss. 

The  best  sections  of  the  shales  are  met  with  in  the  Mandsanr  hiUs,  where  the 

shales  are  nearly  horizontal  and  about  200  feet  thick,  cap- 
ped by  about  100  feet  of  quartzite.     The  bottom  beds  bi< 
not  seen  in  these  hills,  and  the  top  quartzite,  on  the  eastern  side  of  the  hills,  takes 
a  sudden  dip  to  the  east  below  the  Deccan  trap. 

A  broken  section  of  the  lower  beds  is  exposed  north  of  Ban  S£dri.  The  town 

is  built  on  the  edge  of  the  hills  of  the  upper  quartzite, 

section  of  shales  with  a  band  of  limestone,  and  dipping 
under  these  is  a  thick  band  of  a  dark- blue  schistose  quartzite  in  places  containing 
pebbles  of  quartzite,  but  not  in  the  bottom  beds,  for  those  below  of  a  similar 
quartzite  contain  no  pebbles  ;•  and  dipping  below  this,  at  Khardeola,  is  anotlier 
thick  band  of  white  quartzite,  forming  a  hill  200  feet  high.  The  bottom  beds  of 
the  series  are  not  exposed,  but  a  short  distance  to  the  north-east  the  ArraH  rocb 
come  in,  and  to  the  north-west  the  gneiss.  This  white  quartzite  continues  along 
the  eastern  boundary,  but  the  junctions  with  the  older  rocks  are  covered  by  a 
large  outlier  of  the  Deccan  trap. 

Another  good  section  of  these  rocks  may  be  seen  north-west  of  Karmila ;  the 

village   stands   on   a  horizontal   floor  of  a  sandy   con- 
glomeratic limestone,   the  bottom  rock,  which  stretches 
a  long  way  to  the  south  and  is  continuous  with  the  junction  rocks  north  of 
Dhaulapani.      A  short  distance  to  the  west,  the  section  passes  on  to  the  Arrali 
slates  and  limestone,  but  no  junctions  were  obserred. 

To  the  north-west,  immediately  above  the  conglomerate,  there  is  some  thickness 
of  a  sort  of  homstone  and  quartzite,  and  then  the  shales  capped  by  the  upper 
quartzites,  the  whole  horizontal. 

So  far  the   Delhi   series,   in  these   hills,  is  completely  isolated,  for  it  rests 

unconformably  on  the  gneiss,  and  is  covered  unconformablr 
Connection  of   Alwar      ,     ^.^j^g^.  ^^^  ^^^^^  Vindhyans  or  the  Deccan  trap,  and 
quartzite  to  Delhi  senea.        •'  , .       ,  .  .  t      ,  ,  ,  xt 

has  no  direct  connection  with  the  rocks  to  the  north; 

but  I  think  I  can  show  that  the  Alwar  quartzite  is  probably  its  representative 
in  the  Arvali  range  and  other  parts. 

North  of  Bari  Sadri,  and  extending  up  north  to  Mangrup  on  the  Banas,  a 

distance  of  about  60  miles,  are  a  number  of  broken  ridges 

of  s2^.^**  "^^  ^""^^^     ^^    ^^^^  ^'^^   ^^   quartzite,   those  near  Badesar  and 

Oangar  being  several  miles  wide,  having  the  same  rela- 
tions to  the  gneiss  and  the  Arvali  rocks  as  the  Delhi  series,  and  which  are  pro- 
bably its  representatives. 

The  first  of  these  ridges  occurs  at  Bhanuga,  about  8  miles  north  of  Bari 
Sadri,  where  the  quartzite  describes  a  semi-circle,  in  the  inside  of  which  it  rests 
directly  upon  the  gneiss  ;  but  at  the  northern  end  of  the  ridge  it  rests  upon  the 
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Airali  limestone.  Some  brown  massive  homstone  beds  occnr  at  the  base»  but 
pass  np  into  white  compact  qnartzite.  In  another  parallel  ridge  a  short  dis- 
tance east,  the  homstone  beds  rest  upon  the  limestone  of  the  Arvali  series.  This 
ridge  is  in  a  direct  line  with,  and  about  7  miles  north  of,  the  ridge  of  homstone 
and  qnartzite  occorring  in  the  Karm^la  section  of  the  Delhi  series  ;  and  between 
there  are  several  large  outlying  hills  of  homstone  and  qnartzite,  exactly  similar 
to  those  in  the  ridge  to  the  north  and  at  Karm&la ;  the,  largest  are  those  of  Surer 
and  Benota, — the  former  resting  upon  the  Arvali  limestone,  and  the  latter  on 
schists  on  the  eastern  side,  and  the  limestone  on  the  western  side,  of  the  hill. 

Bat  further  proof  of  the  identity  of  these  quartzites  with  those  of  the  Delhi 
Pm»i  V  oaHi*  series  is  found  in  one  of  these  large  hills  of  qnartzite  at 

Pandoli.  In  the  small  hills  about  a  mile  west  of  the 
town  a  fine  conglomeratic  qnartzite  rests  upon  the  gneiss  and  dips  at  an  angle 
of  10**  under  a  brown  limestone,  also  conglomeratic^  which  a  short  distance 
north  of  Pandoli  dips  under  a  great  hill  of  qnartzite.  These  lower  beds  are 
exactly  similar  to  the  bottom   beds  of  the  Delhi  series  in  the  Sadri  hills. 

Another  similar  section  occurs  under  the  ridge  at  Borda,   about  4  miles 

„    ,       ^.  to  the  north.     The  cmeiss  is  exposed  in  a  well  a  short  dis- 

Borda  section.  ■»  * 

tance  east  of  the  town.  A  few  yards  west  of  the  well  there 

is  a  terrace  formed  of  about  30  feet  of  thick-bedded  qnartzite,  dipping  at  a  low 

angle  to  the  west,  below  a  brown  limestone  and  some  shales  covered  by  the  white 

qnartzite  of  the  ridge.     No  sections  are  exposed  on  the  western  side  of  the  ridge  ; 

but  the  gneiss  again  appears  a  short  distance  from  the  ridge. 

Another  junction  section  occurs  at  the  southern  end  of  the  Gangar  hills,  at 

™_  .    -.      ^.  Phutauli,   a  few  miles  north   of  Chitor,   where  a  fine 

Phatanli  section.  '      . 

conglomeratic  qnartzite  rests  upon  an  eroded  surface  of 
the  gneiss  ;  and  about  3  miles  north,  on  the  western  side  of  the  hills,  the 
qnartzite  rests  unconformably  on  the  Arvali  slates.  No  limestone  appears  in  this 
lection. 

This  broad  belt  of  qnartzite  terminates  at  Mangrup,  where  the  quartzites  are 
nearly  horizontal  and  rest  upon  the  slates ;  but  no  junction  between  the  two  was 
observed. 

Similar  quartzites  again  make  their  appearance  at  Jawal,  about  20  miles  to  the 

north-east,  the  intervening  low  ground  being  occupied 
^  noonformitj  at   Ja-      -^^  slates  and  a  schistose  gneiss.  At  Jawal  the  hill  is  capped 

by  a  patch  of  qnartzite  upwards  of  a  square  mile  in  extent, 
which  dips  at  a  low  angle  to  the  north,  and  has  a  conglomerate  at  base,  resting 
Qpon  the  edges  of  the  nearly  vertical  slates. 

This  qnartzite  continues  in  a  broken  line  a  long  way  to  the  north-east  to 
near  Deoli,  along  the  northern  edge  of  the  band  of  slates.  North-east  of  this 
they  form  a  narrow  ridge  extending  to  beyond  Baunli,  with  a  narrow  strip  of 
slates  dipping  below  them  on  the  southern  side.  There  is  a  break  of  a  few  miles 
between  the  northern  termination  of  the  Baunli  ridge,  where  the  Morel  river 
crosses,  and  the  quartzites  in  the  L61sot  hills,  which  occnr  along  this  line  and  are 
donbtless  the  continuation  of  the  same  quartzites.  The  quartzites  of  the  Lalsot 
hills  are  in  direct  connexion  with  those  of  the  Alwar  hills,  so^  that  there  can  be 
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little  doubt  that  the  whole  of  these  ridges  and  hills  of  quartzite  extending  from 
Ban  Sadri  are  the  Alwar  qnartzites. 

Besides  this  long  connecting  chain  of  qnartzites,  there  are  other  nearly 
parallel  lines  of  qnartzite,  having  the  same  relations  to  the  rocks  below  them. 
The  principal  of  these  extend  from  the  boundary  of  the  allnvinm  at  Banera  in  a 
south-west  direction  for  about  40  miles.  The  line  is  very  broken  and  discon- 
nected, but  still  presumably  the  qnartzites  are  Alwars. 

There  can  be  no  doubt  as  to  the  relations  of  the  Arvali  series  to  the  gneiss,  for, 

in  the  numerous  junction  sections  between  the  two  (some  of 
Arvalisto^hoffneiM.      ^      which  have  already  been  described),  they  are  inseparable 

and  BO  mixed  up  together  as  to  make  the  mapping  almost 
impossible.  Good  instances  of  this  occur  in  the  B^r  pass,  near  Ghauki,  where  long 
lengths  of  the  schists  are  included  in  the  gneiss  and  are  partially  converted  into  it ; 
and  in  the  low  country  on  the  eastern  side  of  the  range  about  K£nkroli  and 
Karera,  where  the  schists  alternate  with,  and  pass  into,  the  gneiss. 

,    .  ,  Bat  the  connection  between  the  gneiss  and  the  Alwar 

Relationg     of    Alwar  _j.  •.      •  i  i  at.  x«  -xi.'     x-i       a       r 

quartzite  to  gneiss.  qnartzite  is  not  so  clear,  as  the  sections  within  the  Arvah 

range  appear  to  contradict  those  in  other  parts  of  the  area. 
On  the  eastern  side  of  the  area,    at  the    southern  end   of  the  Alwar  lulls,  in 

the  deep  bay  in  which  Talra  is  situated,  good  junction 
^^^^tions  m  tlie  eastern      sections  between  the  quartzite  and  the  gneiss  are  exposed. 

The  bay  is  formed  of  a  semi-circle  of  the  Alwar  quartzite, 
and  in  its  centre  are  several  hills  of  a  granitic  gneiss,  whicb  also  crops  out  in 
places  from  beneath  the  quartzite  at  the  sides  of  the  bay.  The  junctions  are  very 
sharp,  and  the  quartzite  resting  upon  the  gneiss  is  conglomeratic  and  made  up  of 
rolled  quartz  pebbles  with  a  good  deal  of  pink  felspar  filling  up  the  interstices, 
both  apparently  derived  from  the  gneiss.  At  the  head  of  the  bay  there  is  a  con. 
siderable  thickness  of  the  conglomeratic  quartzite,  which  passes  up  into  the  ordi. 
nary  compact  Alwar  quartzite.  Other  junction  sections  are  exposed  north  of 
Bindikui,  where  there  is  about  2  feet  of  conglomerate,  made  up  of  rolled  quartz 
pebbles  between  the  quartzite  and  the  gneiss. 

An '  important  section  occurs  in  the  Bdnsko  hills,,  about  20  miles  east  of 

Jaipur.  In  the  east  and  west  ridge  terminating  near 
coilft^t  '^*'''"  ""^  """'     Midhogarh,   at  the   eastern  end   of  the   southern  base, 

there  is  a  conglomerate  made  up  of  large  boulders  of  qnart- 
zite imbedded  in  mica  schists.  About  2  miles  further  west,  schists,  not  conglo- 
meratic, alternate  with  those  that  are  ;  and  further  west,  limestone  and  horn- 
blendic  schists  form  the  base  of  the  ridge,  und  upon  these  the  schistose  boulder 
conglomerate  rests  without  visible  unconformity ;  above  it,  a  strong  band^of  com- 
pact quartzite  (presumably  the  Alwars)  forms  the  highest  part  of  the  ridge. 

On  the  northern  side  oi  the  ridge  there  is  another  boulder  conglomerate  made 
up  of  large  boulders  of  quartzite  (identical  in  texture  and  colour,  and  probably 
derived  from  the  quartzite  of  the  ridge  on  which  it  rests),  with  boulders  of  gneiss, 
and  of  a  banded  semi-jaspideous  rock  and  yellow  limestone,  the  two  last  seen 
in  situ  in  the  hills  a  short  distance  north  of  the  Bdnsko  hill.     This  conglomerate 
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extends  north  to  within  a  mile  of  Bansko,  where  it  dips  under  another  quartz- 
ite  of  the  Delhi  series. 

I  hare  already  described  sections  of  the  unconformity  between  the  qnartz- 
ites  and  the  gneiss  in  the  southern  area,  as,  for  instance,  in  the  Sddri  hiUs  near 
Dhanlap^i,  and  in  the  ridges  of  qnartzite  stretching  thence  to  the  north  at  Phu- 
tanli  and  other  places, 

Bnt  the  relation  between  the  qnartziies  and  gneiss  within  the  Arvali  range 

appear  to  be  somewhat  different,  for  the  few  junction 
»ng«.  *""*    ^    "»      «     sections  exposed  would  indicate  that  the  metamorphism 

was  subsequent  to  the  deposition  of  these  quartzites.  On  a 
section  between  Rdjgarh  and  Kharwa,  mica  schists  and  gneissose  beds  alternate  in 
the  low  ground  to  the  south ;  in  the  pass,  mica  schists,  dipping  at  30°,  to  north, 
alternate  with  bands  of  quartzite  ;  and  above  them  is  a  band,  about  2  feet  thick, 
of  gneiss,  and  above  this  the  massive  Alwar  quartzite.  There  is  nothing  to 
indicate  unconformity  in  this  section ;  on  the  contrary,  there  appears  to  be  a 
transition  from  the  schists  into  the  quartzite. 

A  junction  section  is  exposed  at  Sarddhna,  at  the  eastern  end  of  the  Bdr 

pass.     At  the  edge  of  the  hills  there  is  a  thin  band  of 

Bar  pass  section.  ...  ^_        .  i_  -i.      •  j •  j.      . 

quartzite,  much  cut  up   by  gramte   mtrusions,  dippmg 

east.     West  of  this  is  a  band  of  limestone  about  100  yards  wide,  passing  into 

schists,  and  then  a  band  of  quartzite.     The  junction  between  the  gneiss  and  the 

quartzite  occurs  in  the  ridge  on  which  the  village  of  Saradhna  is  built.     On  the 

low  ground  east  of  the  ridge  there  is  a  band  of  gneiss  ;   it  extends  some  50  feet 

up  the  ridge,  and  upon  it  rests,  with  a  sharp  junction,  the  edges  of  the  nearly 

vertical  quartzite.     The  bedding  of  the  gneiss  is  obscure,  but  it  appeared  as  if  its 

strike  and  dip  was  the  same  as  that  of  the  quartzite,  and  that  the  gneiss  had 

been  converted  out  of  it.     It  is  doubtful  though  if  this  contact  quartzite  is  the 

Alwar  rock,  or  a  band  in  the  Arvali  schists.  '  The  quartzite  does  not  appear  to 

be  continuous  in  the  section,  for  at  other  places  near  Sandra  and  the  southern 

end  of  this  pile  of  gneiss,  the  schists  form  the  contact  rock. 

There  can  be  no  doubt  though  that  the  ridge  of  quartzite  at  Kishengarh  is 

Alwars,  and  here  too  the  quartzite  is  inseparable  from  the 
^^  gneiss.     At  the  base  of  the  ridge,  the  Arvali  black  mica 

schists,  here  very  felspathic,  dip  under  the  Alwar  quartzite,  the  bottom  beds  of 
which  are  also  felspathic.  The  felspar  occurs  in  the  quartzite  as  thin  layers 
between  the  laminae  ;  and  in  the  schists,  as  thin  films  and  as  bands,  frequently  an 
inch,  and  sometimes  a  foot,  in*  thickness.  The  schists  pass  to  the  east  into  the 
ordinary  gneiss  ;  but  it  is  probable  that  the  felspar  in  the  quartzite  and  schists 
of  the  ridge  is  due  to  the  intrusive  granite. 

There  is,  however,  one  section  within  the  range  which  completely  contradicts 
MAroth      ti  *^®  sections  above  given,  and  where  the  bottom  beds  of 

the  quartzite  contain  stones  derived  from  the  gneiss.  The 
section  occurs  in  a  ridge  about  4>  miles  long,  3  miles  east  of  Mdroth,  and 
about  5  miles  north  of  the  Sambhar  lake.  On  the  eastern  side  of  the  ridge 
are  some  mica  schists,  with  a  few  g^nite  veins  running  through  them,  and  upon 
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these  rests  a  qnartzite,  conglomeratic  at  its  base  with  rolled  and  subangalar  bit§ 
of  quartz  and  felspar.  The  ridge  is  isolated  from  the  neighbouring  rocks  by  the 
blown  sand. 

There  appear  to  me  to  be  three  ways  of  accounting  for  these  differenoes 
between  the  sections  in  the  range  and  those  in  the  eastern  area  and  in  the 
neighbourhood  of  Chitor : — 

1.  The  quiirtzites  of  the  range  may  not  be  the  Ulwar  qnartzitei. 

2.  If  they  be  the  Alwar  quartzites,  they  may  be  beda  lower  in  the  section  than  thoM 

exposed  in  the  eastern  and  southern  areas. 

3.  There  must  be  two  gneisses. 

I  have  already  shown  the  strong  probability  there  is  of  the  quartzites  of  the 
range  being  Alwars,  for,  although  the  connection  is  broken,  still  the  quartzites 
are  decidedly  the  top  rocks  in  the  range,  as  they  are  in  the  Alwar  hills  and  in  the 
eastern  area. 

Oreat  breaks  in  the  continuity  of  the  deposition  of  the  Delhi  series  haye  been 
observed  ;  and  it  may  be  that  the  quartzites  of  the  Talra  bay  and  in  the  Bansko 
hills,  and  other  places  where  the  unconformity  between  them  and  the  gneiss  is 
strongly  marked,  are  higher  in  the  section  than  those  of  the  range. 

I  have  previously  described  some  of  these  breaks  as  seen   in  the  Biana  hills,^ 

where  there  is  an  enormous  thickness  of  the  Alwar  qnartz- 

serijr^Bitoihms.^^^    ^^^'     '^^^^^    \yrB^'ks  in  the  deposition   are   marked  by 

bands  of  conglomerate,  most  frequently  made  up  almost 
entirely  of  boulders  of  quartzite  similar  to,  and  probably  derived  from,  the 
lower  beds.  Near  the  town  of  Biana  several  bands  of  conglomerate  made  up  of 
water- worn  pebbles  of  quartzite  alternate  with  non-conglomeratic  quartzite.  It 
is,  however,  quite  a  local  feature,  for  the  bands  of  conglomerate  do  not  extend  a 
quarter  of  a  mile  to  the  west.  Again,  a  short  distance  to  the  north  of  the  town 
and  higher  in  the  section,  there  is  another  conglomerate,  several  hundred  feet 
thick,  made  up  in  a  great  measure  of  water-worn  pebbles  and  boulders  of  quartz- 
ite, and  which  extends  along  the  whole  length  of  the  Bi§na  hills,  although 
it  is  much  reduced  in  thickness  at  the  western  end ;  it  also  rests  upon  an 
eroded  surface  of  the  lower  quartzites  near  the  western  end  of  the  hills. 

Overlap,  too,  is  of  frequent  occurrence  in  these  hills,  and  at  their  western  end 
^     .  near  Nithahir  quartzites,  which  at  the  eastern  end  of  the 

hills  have  many  hundreds  of  feet  of  quartzites  below  them, 
rest  directly  and  unconformably  upon  the  Arvali  slates. 

Conglomerates  made  up  of  water-worn  pebbles  of  quartzite  are  sometimes 
seen  in  the  quartzites  of  the  Alwar  hills ;  but  there  is  not  nearly  so  great  a 
thickness  of  quartzite  there  as  in  the  Bi^na  hills. 

In  the  Bimtumbour  hills,  formed  almost  entirely  of  the  Alwar  quartzites,  I 

saw  two  conglomerates  made  up  of  pebbles  of  quartzite, 

tJ^W^'S^*^'    ^^'    ^^  *^®  ^^^^  °^  ^®*^^y  horizontal  quartzite  between  400 

and  500  feet  in  height,  near  Sherpur — one  near  the  base, 
a;nd  the  other  at  two-thirds  up  the  face  of  the  scarp. 

>  Records,  Vol.  X,  p.  86. 
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If  it  be  thought  improbable  that  the  metamorphism  took  place  daring  the 

deposition  of  the  Alwar  qoartzites,  and  that  this  gneiss 
was  denuded,  and  that  pebbles  of  it  were  deposited  in 
the  higher  beds  of  the  quartsite,  there  is  only  the  alternative  of  the  two  gneisses. 
The  whole  of  the  gneiss  within  the  range  is  presumably  what  would  be  called  the 
newer  gneiss — at  least,  I  never  met  with  any  section  here  giving  any  indication 
of  a  second  gneiss.  There  are  of  course  varieties,  the  principal  of  which  are  a 
highly  porphyritic  gneiss,  in  which  the  crystals  of  felspar  are  sometimes  nearly 
4  inches  in  length,  and  a  very  quartzose  gneiss,  often  very  little  more  than  a 
qnartzite  with  a  few  crystals  of  felspar  occurring  in  it. 

Of  the  gneiss  between  the  Alwar  and  Bi^na  hills,  which  would  be  the  older, 
from  the  fact  of  the  quartzites  resting  unconf ormably  on  it,  little  can  be  said,  as 
it  occurs  only  in  small  isolated  hills  or  in  small  outcrops  at  the  base  of  the  ridges. 

The  great  spread  of  gneiss  near  Chitor  and  S4dri,  also  the  older,  as  there,  too, 

the  quartzites  rest  unconformably  on  it.  differ  in  character 
Chitor  gncMS.  #^  •        t    i.  •       <n.  t.^    . 

from  any  gneiss    I   have  seen  in   the   range.     It  is  a 

somewhat  coarsely  crystalline  granitic  gneiss  composed  of  red  orthoclase,  quartz, 

and  chlorite. 

Another  variety  less  coarsely  crystalline  is  composed  of  pinkish«red  orthoclase 
and  a  steatite-like  mineral,  perhaps  resulting  from  the  alternation  of  hornblende, 
with  some  quartz  and  chlorite. 

Such  a  short  length  of  the  boundary  of  this  granitio  gneiss  occurs  within  our 
area  that  I  was  unable  to  determine  its  relation  to  the  schists  or  the  schistose  gneiss 
hounding  it.  To  the  west  it  extends  beyond  the  limits  of  the  map,  and  along 
its  northern  boundary  no  junctions  are  exposed.  Just  north  of  Bilor,  and  about  a 
mile  north  of  the  gneiss,  there  is  an  outcrop  of  the  Arvali  slates,  nearly 
horizontal  and  unaltered  ;  but  I  have  already  suggested  the  probability  of  the 
continuation  of  the  Yindhyan  boundary  fault  passing  along  this  line.  The 
triangular  bit  of  slates  south-west  of  Oangar  is  bounded  on  two  sides  by  large 
quartz  veins,  and  is  probably  faulted  into  the  gneiss. 

The  tongue  of  gneiss  stretching  up  towards  Amirgarh  is  of  the  schistose 
tariety,  and  passes  to  the  north-west  imperceptibly  into  the  Arvali  schists.  The 
short  length  of  boundai*y  between  this  schistose  and  the  granitic  gneisses  is 
covered,  but  the  two  were  seen  within  a  short  distance  of  each  other. 

Perhaps  further  light  may  be  thrown  on  this  question  when  I  examine  the 
country  to  the  west,  towards  Udepur,  where  junction  sections  between  the  two 
strongly.contrasting  varieties  of  gneiss  will  probably  be  met  with. 

The  wide  sandy  plain  to  the  west  of  the  Arvali  range  is  dotted  over  by  a 

number  of  hills,  some  of  them  of  considerable  extent,  and 
the  ArraUwmge.^       ^       ^^  which  all  the  series  occurring  on  the  eastern  side  of  the 

range  are  represented.  Frequently  the  recent  deposits,  com- 
posed in  a  great  part  of  blown  sand,  extend  to  the  foot  of  the  range ;  but  where 
the  rocks  are  left  uncovered  in  that  position  a  broad  belt  of  gneiss,  in  places  up- 
^ards  of  15  miles  in  width,  is  exposed.     The  gneiss  is  highly  porphyritic  and  forms 
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hills  several  hundred  feet  in  height  above  the  level  of  the  plain  to  the  west.  One  of 
these  -wide  spreads  oocnrs  in  the  neighbonrhood  of  Erinpura,  and  extends  from  the 
trunk  road  to  the  foot  of  the  range  to  the  east.  Another  occurs  between  Desnri 
at  the  edge  of  the  range,  and  N^dol,  about  11  miles  in  a  north-west  direction. 

In  both  cases  Arvali  rocks  are  found  upon  the  north-western  edge  of  the 
gneiss.  At  N^dol  there  are  two  parallel  ridges,  the  southern,  formed  of  black 
mica  schists,  the  lower  beds  alternating  with  the  gneiss  ;  the  northern,  separated 
from  the  other  bj  a  hundred  yards  or  so  of  alluvium^  is  formed  of  the  schistose 
quartzite ;  but  whether  it  be  the  Alwar  quartzite  or  a  band  of  quartzite  in  the 
schists,  I  could  not  determine.  Along  this  line,  to  the  south-west,  the  quartzite 
rests  directly  on  the  gneiss  at  Barod  and  in  the  hills  south-east  of  KhimeL 

The  Arvali  rocks,  on  the  north-western  edge  of  the  Erinpura  spread  of  gneiss, 
form  a  large  pile  of  hills  3  or  4  miles  wide,  and  consist  of  schists,  slates,  lime- 
stone, and  quartzite  much  disturbed  and  rolled  up  together.  In  the  pass  above 
Khidoni,  a  junction  between  the  gneiss  and  the  Arvalis  is  exposed,  where  bands 
of  gneiss,  several  feet  thick,  alternate  with  the  lower  beds  both  of  the  schists  and 
limestone. 

In  the  plain  to  the  north,  both  of  N^dol  and  Erinpura,  are  a  number  of  small 
hills  composed  of  the  Arvali  schists  and  limestone  or  of  the  Alwar  quartzite. 

Along  the  road  leading  from  the  Bdr  pass  no  rocks  are  met  with  between 

the  western  edge  of  the  range  and  Sojat.  The  Sojat 
Vmdliyang  a  oja  .  "^^^  ^re  formed,  at  base,  of  nearly  vertical  Arvali  slates, 
capped  by  about  10  to  20  feet  of  a  conglomerate  composed  of  small  pebbles 
of  quartz,  very  nearly  horizontal,  or  with  a  dip  of  3'  to  north,  passing  up  into 
a  fine  white  and  reddish  sandstone,  of  which  there  may  be  about  100  feet  in  thick- 
ness. On  the  northern  side  of  the  hills  are  some  beds  of  chert  resting  upon  the 
sandstone,  and  which  in  the  large  hills  a  mile  to  the  north  passes  up  into  a  thick 
limestone.  The  sandstone  resembles  very  closely  the  Kaimur  sandstone,  and 
doubtless  the  whole,  from  the  conglomerate  upwards,  may  be  referred  to  the 
Upper  Vindhyan  series. 

The  eastern  boundary  of  the  Upper  Vindhyans  is  ill-defined,  as  the  alluvium 
for  a  long  distance  covers  all  the  lower  beds.  For  about  50  miles  north  of  Sojat, 
the  plain  extends  to  the  eastern  edge  of  the  limestone ;  but  near  Mokila  the 
sandstone  is  seen  underlying  the  limestone.  The  bottom  beds  are  not  exposed 
between  Sojat  and  Khdtu,  about  40  miles  further  north. 

Khdtu  is  about  30  miles  west  of  the  Arvali  range,  and  in  the  intervening 

ground  no  rocks  are  exposed  except  two  hills  of  the  Alwar 

Kbitu  section.  quartzites  near  Khdtu,  and  a  rid^  of  the  Arvali  slates 

upon  which  the  Upper  Vindhyan  sandstone  rests.  The  unconformity  is  as  strongly 
marked  here  as  at  Sojat.  The  Arvali  slates  are  vertical,  and  the  conglomerate 
and  sandstone  rest  upon  their  edges  and  dip  to  the  north-west  at  an  angle  of  3 . 
This  junction  takes  place  in  the  small  ridge  north-east  of  Khatu,  a  short  distance 
east  of  the  main  hills.  The  conglomerate,  composed  of  small  water-worn  pebbles 
of  quartz,  varies  in  thickness  from  a  few  inches  to  6  feet.  The  capping  of  white 
sandstone  is  brought  down  by  the  dip  to  near  the  base  of  the  main  hills.      Above 
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this  IB  a  second  conglomerate  about  6  feet  in  thickness  and  composed,  like  the  other, 
of  small  water- worn  pebbles  of  qnartz.  The  remainder  of  the  hill  is  formed  of 
sandstone,  the  lower  portion  micaceous,  of  a  dull  red  colour,  and  which  passes  up 
into  a  mottled  and  smudged  red  and  white  sandstone,  identical  in  appearance  to 
the  Bhdnrer  sandstone  on  the  eastern  side  of  the  range. 

Of  the  lower  sandstone,  which  I  consider  to  be  the  Kaimur,  there  is  a  thick- 
ness of  about  100  feet ;  and  of  the  upper,  probably  the  Bhdnrer,  upwards  of  200 
feet.  The  middle  (Bewa)  group  of  the  Upper  Yindhjans  appears  to  be  absent. 
On  the  top  of  the  southern  end  of  the  hill  there  are  a  few  feet  of  chertj  lime- 
stone, exactly  similar  to  that  resting  on  the  sandstone  at  Sojat.  On  the  north- 
western side  of  the  hill  the  dip  has  brought  the  sandstone  down  to  the  level  of 
the  plain,  and  in  the  Bamel  hills  it  dips  under  the  chertj  Hmestoue. 

This  section  differs  from  that  of  Sojat  in  the  addition  of  the  Bh^Lnrer  sand- 
stone and  conglomerate  between  the  Kaimurs  and  the  limestone. 

The  southern  boundary  of  the  Upper  Yindhjans  forms  a  deep  baj,  at  the 
sonth-eaatem  side  of  which  Sojat  is  situated,  and  at  the  south-western  Jodhpur. 
In  this  baj  are  a  number  of  lulls  of  gneiss  and  Arvali  slates.  On  the  north-eastern 
side,  the  Kaimur  sandstone,  of  which  there  is  about  60  feet  in  this  section,  rests 
directlj  upon  the  gneiss,  and  upon  this  rests  the  second  conglomerate  and 
Bhanrer  sandstone,  which  dip  to  the  east  under  a  considerable  thickness  of  the 
cherij  limestone. 

At  Jodhpur  the  Upper  Yindhjans  rest  upon  a  series  of  rocks  which  Mr. 
.  Blanford   has  called  the  "  Maldni  beds."     These  form  a 

fringe  of  from  2  to  3  miles  in  width  round  the  southern 
and  eastern  sides  of  the  Upper  Yindhjans,  and  extend  to  about  12  miles 
north  of  Jodhpur  and  west  bejond  the  limits  of  our  area.  The  MaMni  beds  in 
the  neighbourhood  of  Jodhpur  consist  of  felsite  and  quartziferous  porphjries 
and  beds  which  Mr.  Blanford  describes  as  ^'  unmistakablj  resembling  volcanic  ash.*' 
These  ash-beds  are  best  seen  in  the  Pandla  hills,  north-east  of  Jodhpur,  where 
thej  both  rest  upon  and  are  covered  bj  the  porphjries,  and  in  the  scarp  over  the 
ciij,  where  there  must  be  over  100  feet  in  thickness  of  them  exposed.  The  bed- 
ding in  these  beds  is  verj  obscure  ;  but  in  places  it  can  be  detected,  and  there 
the  rocks  ore  seen  to  be  nearlj  horizontaL 

Several  sections  of  the  junction  between  the  Malani  beds  and  the  Upper 
Yindhjans  are  exposed,  in  some  of  which  the  unconformitj  between  the  two  is 
well  seen.     The  porphjries  extend  to  some  height  in  the  scarp  west  of   Tardsar,* 
and  upon    them   rest  about  2   feet  of  red   and   green  shales  covered  bj  the 
massive  beds  of  the  grej  Kaimur  sandstone. 

In  this  and  other  sections  of  the  scarp  there  is  no  conglomerate  or  anj  other 

feature  to  suggest  unconformitj  between  the  two  ;  but  at 
the  southern  boundarj,  along  the  road  leading  from  the 
residencj  to  the  north-east,  the  unconformitj  is  well  seen.  In  this  section  the 
Halanis  are  obscurelj  but  undoubtedlj  bedded,  nearlj  horizontal,  and  show  slight 
erosion  at  the  junction.  Besting  upon  them  is  a  conglomerate  about  8  inches 
thick  composed  of  pebbles  of  the  porphjries  ;  and  above  this  the  Kaimur  sand- 
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stone.  Farther  along  tbe  road,  to  the  north-east,  the  nnconformiiy  is  more  strongly 
marked  and  the  conglomerate  is  at  least  6  feet  thick,  formed  of  boulders  of  Uie 
MaMni  beds  upon  which  it  rests. 

Many  outliers  of  the  Elaimur  sandstone  resting  upon  the  Malani  beds  occur 
at  a  short  distance  to  the  south  of  the  main  boundary.  On  one  of  these  the  Jodh- 
pur  fort  is  built.  There  is  also  a  chain  of  outlying  hills  of  Kaimur  sandstone 
isolated  in  the  plain  extending  from  south  of  Jodhpur  to  about  15  miles  to  the 
north  on  the  eastern  side  of  the  Malani  beds. 

The  Maldni  beds  do  not  extend  far  east  of  the  meridian  of  Jodhpur,  but  hills 
of  them  occur  on  the  plain  to  the  south  for  about  50  miles.  Their  most 
southerly  appearance  on  this  side  is  in  the  large  hills  north  of  Ch&naud.  The  first 
of  these  hills  occurs  at  R&jpura,  about  15  miles  south  of  Jodhpur.  There  are 
several  intervening  hills  of  gneiss. 

In  the  river  at  Bajpura  are  some  very  decomposed  olive-green  schists,  which 
may  possibly  be  Arvalis ;  but  the  hills  are  formed  of  the  Mal4ni  felsite  por- 
phyries.    No  junction  between  the  two  is  exposed. 

Gneiss  occurs  in  the  hills  of  Ghotila,  some  15  miles  further  south,  with  some 
Arvali  schists  on  its  western  flank,  and  about  a  mile  further  west  is  a  small  hill  of 
the  Maldni  porphyries  isolated  in  the  plain.  This  is  the  only  locality  within  our 
area  where  the  Malani  beds  are  seen  within  a  short  distance  of  the  undonbted 
Arvali  rocks  or  gneiss. 

In  the  large  hills  north  of  Chdnaud  a  thickness  of  over  200  feet  and  a  great 

variety  of  the  f  elsites  is  exposed,  apparently  dipping  at  a 
SlatM  below  the  Ma-      j^^  ^  .        ^^  ^^  north-eastern  comer  of  these  hills  a 
lani  beas.  o  ^       ,i      -»r  i'    • 

small  thickness  of  red  slates  dip  under  the  Malam  por- 
phyries ;  but  I  am  unable  to  say  if  they  are  Arvalis  or  not.  These  hills  are 
quite  isolated  in  the  plain ;  the  nearest  hills  of  gneiss  are  at  Kaunla,  about  5 
miles  to  the  south,  and  the  nearest  Arvalis  about  18  miles  to  the  south  in  the 
large  hills  north  of  Erinpura.  In  these  hills,  however,  at  Baklia  and  the  hills 
to  the  south,  I  picked  up  two  or  three  stones  of  typical  MaUni  porphyry  from 
amongst  the  debris  of  slates.  In  both  these  places  the  slates  are  nearly  vertical, 
and  almost  complete  sections  are  exposed ;  but  after  a  most  careful  search  I  failed 
to  discover  any  rock  in  sibu  in  the  least  resembling  the  MaJdnis. 

As  the  MaUnis  are  completely  isolated  from  the  other  rocks,  with  the  excep- 
tion of  the  Upper  Vindhyans,  it  is  a  matter  of  great  doubt  as  to  which  series  of 
rocks  they  belong. 

Among  the  Arvali  slates,  &c.,  I  have  never  seen  any  rock  in  the  least  resem- 
bling  the  Maldni  porphyries,  except  north  of  Deogarh  in  the  Arvali  range,  where 
there  are  two  thin  beds,  not  more  than  2  inches  thick,  in  which  crystals  of  glassy 
felspar  are  imbedded  in  a  felsitic  matrix,  a  rock  closely  resembling  some  of  the 
Mal&ni  porphyries. 

On  the  other  hand  the  MaUni  beds  would  appear  to  be  more  closely  related 
to  the  Upper  Vindhyans.  for  although  there  is  unconformity  between  the  two, 
still  it  is  not  nearly  so  strongly  marked  as  that  between  the  Upper  Vindhyans 
and  the  Arvalis— indeed,  in  some  sections  it  cannot  be  detected.     Both  the  Upp«r 


PART  4,]  Mallbt  :  Specimen  ^Native  Antimony.  303 

Yindhjans  and  the  Mai  An  is  are  nearly  horizontal  over  large  areas,  while  the 
Arralis  are  much  more  disturbed,  and  a  low  dip  is  almost  unknown  on  the 
western  side  of  the  range. 

It  would  seem  more  probable,  theD,  that  the  Malani  beds  were  the  representa- 
tives of  the  Lower  Vindhyans  in  this  area,  for  although  no  volcanic  rocks  nor  any 
rocks  at  all  resembling  the  Malani  beds  are  exposed  in  the  sections  of  the  Lower 
Vindhyans  of  the  Chitor  area,  the  nearest  spread  of  the  undoubted  Lower 
Vindhyans,  still  rocks  closely  resembling  the  MaUni  beds  are  largely  developed 
m  the  Lower  Vindhyans  of  the  Sdn  region.  I  have  therefore,  pending  the  examin. 
ation  of  the  country  to  the  soath-west  of  Jodhpur,  where  the  MaUni  beds  are 
largely  developed,  and  where  junction  sections  probably  may  be  met  with,  ventur- 
ed to  map  the  Malani  beds  as  Lower  Vindhyans. 


On  a  tpedmen  of  Native  Antimony  obtained  at  Pulo  Obin,  near  Singapore. — 
By  F.  R.  Mallet,  F.G.S.,  Geological  Survey  of  India, 

In  1870  a  small  quantity  (about  1^  oz.)  of  a  metallic  substance,  said  to 
have  been  discovered  in  the  Straits  Settlements,  was  forwarded  by  the  Home 
Department  to  the  Geological  Survey  Office  for  examination.  It  was  found 
by  Mr.  Tween  to  be  native  antimony  of  great  purity ;  and  Dr.  Oldham,  in  com- 
mimicating  the  result  to  Government,  pointed  out  the  high  value  of  the  dis- 
coveiy  if  the  mineral  should  be  found  to  occur  in  considerable  quantity.  Fur- 
ther enquiry  was  made  at  the  instance  of  the  Straits  Government,  from  the 
result  of  which  it  appeared  that  the  mineral  "  was  found  on  Pulo  Obin  or  Ubin, 
an  island  lying  at  the  east  end  of  Silat  Tambran,  the  Strait  dividing  Singapore 
^m  the  main  land ;  that  a  careful  search  had  been  made,  and  a  reward  offered 
to  any  person  finding  more  of  the  same,  but  that  up  to  the  present  time  (15th 
Febroary  1871)  no  more  had  been  discovered,  and  that  it  seemed  probable  that 
the  specimen  received  by  the  Government  must  have  been  introduced  into  the 
island  from  some  other  place  as  yet  unknown."  ^  The  specimen  in  question  is 
finely  lamellar  or  granular  massive  native  antimony,  with  a  slight  admixture 
of  stibnite  and  is  partially  coated  by  a  vesicular  crust  of  brownish-yellow 
cervantite. 

There  has  lately  been  presented  to  the  museum,  by  the  Commissioners  of  the 
Melbourne  Exhibition  ofj  1880,  a  fine  specimen  of  antimony,  weighing  between 
four  and  five  pounds,  from  Sarawak,  in  Borneo ;  it  had  been  exhibited  by  the 
Borneo  Company.  It  consists  of  finely  lamellar  or  granular  massive  native 
antimony,  with  a  slight  admixture  of  stibnite,  and  on  two  sides  is  partially 
coated  by  a  vesicular  crust  of  brownish-yellow  cervantite. 

So  perfectly  similar  in. aspect  is  the  specimen  from  Pulo  Obin  to  that 
from  Borneo^  that,  as  far  as  appearance  goes,  the  former  might  be  a  fragment 
broken  o£E  the  latter.  This  similarity  of  course  may  he  a  mere  coincidence ;  but 
taking  into  account  that  careful  search,  and  the  offer  of  reward,  had  failed  in 
leading  to  the  discovery  of  any  further  specimens  of  antimony  in  Pulo  Obin ; 

»  Vol.  IV,  p.  48. 
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that  antimony  ore  (a  portion  of  wluch  is  the  native  metal)  occnrs  in  great 
quantity  in  Borneo,  and  is  mined  there  on  a  considerable  scale;  and  that  a 
part  at  least  of  the  ore  exported  to  Europe  or  America  would  probably  be  sent 
vid  Singapore;  and  finally,  the  perfect  similarity  in  appearance  between  the 
Pulo  Obin  specimen  and  that  just  described  from  Borneo,  one  cannot  but 
strongly  suspect  that  the  former  also  is  of  Bomean  origin. 


On  Turgite  from  ,the  twighbourhood  of  Juggiapett^  Kistnah  District,  and  on 
Zinc  Carbonate /rom  Eamul,  Madras. — By  F.  B.  Mallet,  F.G.S.,  Qeological 
Survey  of  India, 

There  are  at  present  in  the  Greological  Museum  specimens  of  iron  ore  from 

the  neighbourhood  of  Juggiapett,  ^  which  were  collected 
**   '  by  my  colleague  Mr.  W.  Sang,  and  which  are  interesting 

as  consisting  in  part  of  a  mineral  which  has  not,  I  believe,  been  hitherto  noticed 
within  the  limits  of  India. 

Three  pieces  of  ore  from  south-east  of  Juggiapett,  which  closely  resemble 
one  another  in  appearance,  and  which  look  as  if  they  had  been  obtained  from 
the  same  spot,  consist  mainly  of  limonite,  partly  massive  and  partly  silky 
fibrous.  In  the  largest  and  best  specimen,  which  is  about  2^  inches  thick,  the 
fibrous  variety  forms  an  irregular  band  about  }  inch  thick  between  two  layers  of 
massive  limonite.  One  of  the  latter  shows  the  fracture  by  which  the  specimen 
was  detached;  the  other  is  coated  by  about  half  an  inch  of  turgite.  The 
junction  between  the  two  minerals  is  clearly  marked,  there  being,  however, 
between  the  main  layer  of  limonite  and  that  of  turgite,  two  thin  seams  of  one 
mineral  alternating  with  two  of  the  other.  The  turgite  is  "poMj  granular 
massive,  partly  fibrous  and  sub-columnar,  the  latter  variety  occurring  mainly 
in  a  layer  on  the  exterior  of  the  specimen.  The  colour  is  dark-red  to  iron-black, 
with  red  streak.  The  surface  of  the  mineral,  which  is  irregularly  botryoidal, 
is  covered  by  a  black  glaze.  ^ 

Another  specimen  -from  north  of  Moogetalah,'  of  about  the  same  thickness 
as  that  just  described,  consists  of  turgite  alone.  The  greater  portion  is  of  the 
granular  massive  kind,  but  on  the  exterior  face  of  the  specimen  there  is  a  layer 
a  third  of  an  inch  thick  of  the  fibrous  variety.     An  analysis  of  the  latter  gave— 

Ferric  oxide    ..,  •••  ...  ...        93*10 

Water  ...  ...  ...  ...  4*66 

Insoluble         .«  ...  ...  ...  209 

99*84 


The  mineral  decrepitates  with  violence  when  heated  in  a  closed  tube  or  crucible. 
It  is  perhaps  worth  remark  that  in  the  Juggiapett  specimens  the  turgite 
occurs  in  the  same  way  as   at  Salisbury,    Connecticut,'  namely,   forming  an 
exterior  layer  on  limonite. 

>  A  town  also  called  Batavole ;  North  lat.  16°  54  ;  East  long.  80*"  9'. 
'  A  village  on  the  river  Kistnah,  about  4  miles  south  of  Juggiapett. 
'  Am.  Jour,  of  Sci.,  II,  XLIV.  219. 
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In  a  previous  part  of  this  yolnme  (p.  196),  I  described  the  occurrence  of 
.  impure  zinc  carbonate  with  barytes,  &o.,  in  specimens  from 

some  unknown  locality  in  the  Kamul  district.  Since 
then  I  have  examined  samples  of  baiytes,  with  ochre,  chertj  quartz,  and  a  few 
specks  of  galena,  from  the  Baswapur  lead  mines  in  the  same  district.  The 
former  specimens  bear  so  much  general  resemblance  to  the  latter  that  I  think 
there  is  strong  reason  to  suppose  that  the  Smithsonite  came  from  the  Baswapur 
mines,  or  from  some  other  of  the  old  lead  mines  in  that  neighbourhood.  Mr.  P. 
W.  Wall,  in  his  report  on  them,  says,  with  reference  to  Baswapur  (or  G-azerpully)  : 
"  The  ore  is  enclosed  in  a  gangue  of  sulphate  of  baryta  or  heavy  spar,  also 
occasionally  in  white  quartz.  It  is,  as  at  Coilcontlah,  a  sulphuret  of  lead  or 
galena,  and  there  are  here,  as  at  that  place,  occasionally  small  admixtures  of 
copper  (sulphuret),  zinc  blende  and  iron  pyrites."  ^  The  mines  have  been 
abandoned  for  a  long  time  past,  and  apparently  there  is  no  tradition  of  their 
having  been  worked  otherfrise  than  for  the  argentiferous  galena.  It  seems  not 
impossible,  however,  that  search  amongst  the  rubbish  heaps  would  show  the 
existence  of  zinc  carbonate,  perhaps  in  considerable  quantity ;  a  mineral  which, 
from  its  non-metallic-looking  appearance,  would  be  very  likely  to  escape  recog- 
nition by  the  native  miners. 


Note  on  the  sodtan  from  Dalhousie  to  Pangi  vid  the  Sach  Pass.     By  Colonbl 

C.  A.  McMahon,  F.a.S. 

In  Mr.  Lydekker's  fifth  paper  on  the  geology  of  Kashmir*  and  neighbouring 
territories,  the  section  from  Chamba  to  Pangi  is  noticed  on  the  authority  of 
Mr.  Lee  of  the  Calcutta  Bar,  but  as  the  account  there  given  is  very  brief,  a  few 
additional  notes  may  not  prove  uninteresting.  Much  to  the  disappointment  of 
my  wife,  who  was  ambitious  of  doing  a  higher  and  more  difficult  pass  than  the 
6ach,  I  returned  by  the  way  I  went ;  but  tBis  proved  of  advantage  from  a  geo- 
logical point  of  view,  as  it  enabled  me  to  review  my  first  impressions  by  a  second 
examination  of  the  rocks  seen  en  route. 

Unlike  the  geology  of  Dalhousie,  of  which  I  hope  to  give  an  account  ere 
long,  the  section  from  Chamba  to  Pangi  presents  no  features  of  special  difficulty. 
The  granitoid  gneiss  of  the  Dhauladhir  ends  between  Dalhousie  and  Chamba, 
near  the  village  of  Sach,  and  is  succeeded  by  micaceous  and  quartzose  schists, 
dipping  north-east^  which  conformably  overlie  the  gneiss.  These  rocks  gradually 
become  slaty,  and  near  Masrund'  pass  into  what  are  undistinguishable  from 
typical  "  Simla  slates.''  I  have  no  hesitation  in  correlating  them  with  that 
■eries.  They  remain  unchanged  in  character  down  to  the  bed  of  the  Siul  river 
under  Manjere,  and  for  some  distance  along  the  course  pf  that  river  towards 
the  Ravi. 

1  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  XX,  new  Beries,  p.  294. 
»  KecordB  O.  8. 1.,  Vol.  XU.  p.  39. 

'  This  Tillage^  which  is  the  first  halting  place  from  Chamba,  is  not  marked  on  the  map.  It 
ii  on  the  ridge  opposite  Manjere  in  the  vicinity  of  Balore. 
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Passing  onwards  towards  Tikri,  the  slates  give  plaoe  to  the  limestone  serifis 
north  of  the  Tillage  of  Sangore.  The  ridge  running  down  from  the  Randhar 
station  to  the  Sinl  river  is  composed  of  it ;  and  it  passes  np  to  the  ridge  north 
of  Manjere,  and  apparently  crosses  it  at  the  village  of  Enndi  (Kandi).  The 
limestone  is  in  massive  bands,  made  np  for  the  most  part  of  beds  a  few  inches 
thick.  Its  colour  is  dark-blue,  pale-blue,  and  creamy.  It  continues,  with  a 
steady  nortli-east  dip,  to  a  little  beyond  the  river  that  flows  down  from  the 
Randhar  station  into  the  Siul  river  south  of  Kalail  (Kalel),  and  crosses  the 
Manjere  ridge  a  short  distance  south  of  the  village  of  Dh4r.  As  it  begins  to 
die  out,  the  micaceous  slaty  beds  intercalated  with  it  become  more  prominent, 
and  the  bands  of  limestone  become  thinner  and  more  earthy* 

On  the  ascent  from  the  river,  going  in  the  direction  of  Kalail,  and  some 
distance  before  the  end  of  the  limestone  series  is  reached,  a  bed  of  dark-blae 
limestone  occurs  which  abounds  in  crinoid  stems,  as  observed  by  Mr.  Lee. 

Mr.  Lydekker  has  found  that  in  Kashmir  and  ifae  neighbouring  districts 
the  rocks  of  the  carboniferous  period  pass  by  imperceptible  degrees  into  those  of 
the  triassic  series,^  ,and  that  in  Ladak'  and  in  South  and  North  Lahoul^  the 
limestones  are  probably  partly  of  upper  silurian  and  partly  of  carboniferoiis 
age.  From  Mr.  Lee's  description  of  the  limestones  now  under  discussion, 
Mr.  Lydekker  concluded  that  they  are  "  without  doubt  the  representatives  of 
either  the  carboniferous  or  the  trias,  and  not  improbably  of  both."  * 

As  these  limestones  and  included  slates  are  of  great  thickness,  and  as 
they  are  in  contact  with  the  upper  silurian  (Blaini)  conglomerate,  now  to  be 
described,  I  think  it  probable  that,  as  is  believed  to  be  the  case  in  the  typical 
region  of  the  Krol  mountain,  we  have  here  representatives  of  upper  silurian, 
carboniferous,  and  triassic  rocks. 

Immediately  in  contact  with  the  limestone  series  there  foUovrs  a  very  thick 
band  of  conglomerate.  The  matrix  is  a  slaty  ^schistose  rock,  at  times  even 
foliated.  It  contains  pebbles  of  white  quarts  of.  all  shapes  and  of  various  sizes 
up  .to  9  inches  in  diameter.  Some  are  well  rounded  and  present  sections  of 
the  size  and  shape  of  an  e^%\  others  are  sub-angular  to  angular.  The  white 
quartz  pebbles  are  the  most  abundant,  but  the  rock  also  contains  grey  and 
blue  quartzite,  and  quartzite-sandstone  pebbles,  sub-angular  to  rounded,  which 
weather  various  colours. 

I  have  no  hesitation  in  correlating  this  with  the  Blaini  conglomerate  of  the 
Simla  area.  As  in  the  typical  Blaini  rock,  occasionally  white  quartz  veins 
meander  about  in  an  irregular  manner  in  it,  and  a  person  not  familiar  with  the 
rock  might  suppose  that  the  "  eggs  "  were  sections,  or  fragments  of  such  veins, 
but  a  careful  study  would  show  him  that  it  is  a  true  conglomerate.  As  in  the 
Simla  area  so  here,  some  of  the  blue  quartzite  pebbles  contain  thin  white  quartz 
veins  that  do  not  pass  into  the  matrix,  showing  that  the  pebbles  were  meta- 
morphosed, and  were  ground  down  into  their  present  shape,  before  they  found 

1  Records  G.  S.  I.,  Vol.  XIV,  p.  34.  »  Records  G.  S.  I.,  Vol.  XIII,  p.  58. 

»  Idem,  Vol.  XIV,  p.  88.  *  Idem,  Vol.  XIV,  p.  39. 
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tbeir  resting  place.     The  pebbles  in  some  beds  are  very  sparse ;  in  otbers  verj  ^ 
abundant. 

The  conglomerate  differs  from  that  of  the  Simla  area  in  having  expanded  to 
a  great  thickness.  A  synclinal  fiiexare,  however,  takes  place  in  the  centre  of 
these  beds,  and  it  is  possible  that  they  may  also  be  repeated  by  other  flexures, 
the  evidence  of  which  has  been  obliterated,  or  by  slates  of  a  slightly  lower 
horizon  having  been  folded  up  with  them.  In  any  case,  their  real  thickness 
miKst  very  greatly  exceed  that  of  corresponding  beds  in  the  Simla  area. 
Dr.  Stoliczka  estimated  the  thickness  of  the  Math  conglomerate  of  Spiti,^ 
which  he  correlated  with  the  Blaini  conglomerate,^  at  from  500  to  600  feet. 

At  the  junction  of  the  conglomerate  with  the  limestone  series,  the  latter  has 
HoiSered  considerable  contortion,  and  a  bed  of  conglomerate  has  been,  from  this 
cause,  folded  np  with  the  limestones. 

Mr.  Lydekker's  papers  on  the  geology  of  Kashmir  and  its  neighbouring 
districts'  contain  numerous  notices  of  similar  beds  of  conglomerate,  as  for  instance 
Records  G.  S.  I.,  Vol.  X,  p.  160 ;  Vol.  XI,  pp.  32,  36,  38,  39,  46,  60 ;  Vol.  XII, 
pp.  20,  24,  25  ;  VoL  XIV,  p.  4.  The  widespread  character  of  these  peculiar 
deposits  is  of  especial  value,  and  will  aid  greatly  in  the  task  of  unravelling  the 
tangled  skeins  of  Himalayan  geology.  In  the  present  case,  as  will  be  seen  in 
the  sequel,  the  conglomerates  will  enable  us  to  interpret  the  section  under  consi- 
deration. 

Mr.  Lydekker  connects  the  wide  distribution  of  the  conglomerate  ^  with  ice 
action.  I  have  long  been  struck  with  the  resemblance  which  the  typical  Blaini 
conglomerate  of  the  Simla  area  bears  to  a  ''  boulder  bed." 

As  before  stated,  a  synclinal  fold  takes  place  in  the  centre  of  the  conglomerates 
and  a  south-west  dip  then  sets  in.  The  beds  terminate  a  little  south  of  where 
the  Siul  river  doubles  back  round  the  Manjere  ridge  towards  the  Padri  pass. 
They  are  succeeded  by  rocks  presenting  an  older  fades,  which  last  until  near  the 
top  of  the  Sach-pass.  These  may  be  generally  described  as  fine-grained  quartz 
schists,  mica  schists,  and  slaty  mica  schists,  occasionally  passing  locally  into 
micaceous  slates.  The  djp  is  very  low,  south-west  near  the  top  of  the  pass,  and  con- 
tinues low,  and  waving  alternately  to  the  north-east  and  south-west,  or  thereabouts, 
from  thence  southwards  until  the  river  below  Tigri  is  neared,  where  the  beds  dip 
steeply  to  the  south-west  towards  the  Blaini  conglomerates  of  the  Kalail  out 
crop.  From  here  to  near  the  top  of  the  Sach  pass  the  rocks  are  all,  I  believe, 
bwer  Silurians. 

Close  to  the  summit  of  the  pass,  which  is  14,328  feet  above  the  sea,  the  con- 
glomerates again  come  in,  and  the  dip,  which  had  previously  been  very  low 
Bouth-west,  suddenly  rises  to  nearly  perpendicular,  and  then  underlies  to  the 
north-east. 

The  anticlinal  coincides  with  the  very  summit  of  the  pass.  The  dip  remains 
iiearly  perpendicular  for  some  time,  when  a  synclinal  fold  sets  in  on  the  north 

>  MemoiM  O.  S.  I.,  Vol.  V,  p.  22.  «  Memoirs,  G.  S.  I.,  Vol.  V,   p.  141. 

»  Records  G.  S.  I.,  Vol.  XII,  p  25. 
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side  of  the  pass,  wbere  the  second  small  glacier  is  seen  on  the  map  to  flow  down 
from  the  north-west  into  the  main  ice  stream.  From  this  point  the  dip  gradisally 
flattens  to  a  moderate  south- west  dip. 

The  rocks  are  decidedly  conglomeritio  at  the  top  of  the  pass,  bnt  the  included 
pebbles  become  more  and  more  scarce  the  lower  yon  descend,  and  the  rocks  pass 
into  micaceous  schists  and  fine-grained  slaty  quartzites. 

In  this  section  I  have  classed  all  these  rocks  as  conglomerates ;  bnt,  as  men- 
tioned  in  the  case  of  the  outcrop  between  KaJail  and  Tisa,  lower  slaty  rocks  may 
have  been  folded  up  with  them.  I  also  note  in  passing  that  oidy  a  comparS' 
tively  small  portion  of  the  Muth  coiiglomerate,  described  by  Dr.  Stoliczka  and 
which  he  correlated  with  the  Blaini  rock,  is  really  conglomeritio.^ 

A  liitle  north  of  the  junction  of  the  two  main  snow  streams  (namely,  nortih 
of  the  point  marked  '*  Halias"  on  the  map),  a  band  of  limestone,  about  200  feet 
thick,  crops  out.  The  limestone  is  sub- crystalline,  and  is  partly  dark  and  partly 
pale-blue  in  colour,  the  latter  weathering  a  buffy-cream  to  a  brownish-buff.  It 
has  the  aspect  of  a  magnesian  limestone,  but  I  have  not  the  appliances  with  me 
at  Dalhqusie  to  analyze  it»  and  the  point  is  not  material.  I  should  think  the 
rock  is  more  likely  to  represent  the  upper  silurian  (Blaini)  magnesian  limestone 
than  the  triassic  dolomite.  It  does  not  resemble  the  latter  in  its  mode  of 
outcrop, '  whilst  in  its  weathering  and  in  some  other  respects  it  answers  fairly 
well  to  the  Blaini  and  Muth  limestones, '  the  former  of  which  is  sometimes  pale- 
blue  on  its  fractured  surface. 

From  this  point  the  rocks  are  at  first  silidous  schists  and  quarts  schists, 
often  fissile,  but  never  passing  into  true  slates,  and  then  succeed  decided  mica 
schists,  which  continue  until  the  gneiss  appears  under  the  Tillage  of  Pirgao,  on 
the  descent  to  the  bridge  over  the  Sach  stream. 

The  gneiss  here  is  foliated,  and  not  granitoid.  It  conformably  underlies  the 
mica  schists,  and  at  first  bands  of  it  are  intercalated  with  them,  the  passage 
between  the  two  being  somewhat  gradual.  There  are  innumeraUe  intrusive  dykes 
of  white  oligoclase'  granite  in  the  gneiss,  near  its  junction  with  the  ^  schists,  both 
here  and  in  the  Pangi  valley ;  and  these  dykes  pasy  up  for  a  considerable 
distance  into  the  overlying  mica  schists.  The  intrusive  granite,  as  in  the  Satlej 
valley  sections,  is  rich  in  schorl. 

We  have  now  seen  that  at  both  ends  of  our  section  micaceous  and  quartzose 
schists,  metamorphosed  into  perfect  mica  schists  in  many  instances,  I'est  conform- 
ably upon  gneiss.  The  character  of  this  gneiss,  which  I  think  is  identical  with 
the  *'  central  gneiss,''  I  hope  to  discuss  in  detail  in  a  future  paper  on  the  geology 
of  Dalhousie. 

The  schists  I  take  to  be  lower  Silurians.  '  On  these  rest  slates  which  1 
correlate  with  the  "  Simla  slates."     In   the  Becords  (Vol.   XII,   p.  66),  Mr. 

'  MemoiTB  G.  8. 1.,  Vol.  V,  p.  22. 
«  Records  G.  8. 1.,  Vol.  XI,  p.  46. 

>  This  ifl  identical  with  what  used  to  bo  called  the  Albite  gtanite.  Mr.  Mallet  (Records  Q.  S- 
I.,  Vol.  XIV,  p.  238)  has  now  shown  that  the  felspar  of  this  granite  is  oligoclase. 
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Lydekker  giyes  lus  leasoiis  for  concluding  the  "  Simla  slates  "  to  be  of  silurian 
age.    I  think  tbej  represent  about  the  middle  of  that  group. 

I  now  return  to  the  consideration  of  the  limestone  series  described  in  the 
preceding  pages.  It  will  be  seen  that  on  both  sides  of  the  Sach  pass  the  outcrops 
of  limestone  stand  in  the  ssone  relation  to  the  conglomerates  on  the  one  hand, 
and  to  the  gneiss  on  the  other.  In  both  cases  the  limestones  dip  under  the  conglo- 
merates, and  one  would  conclude,  from  a  superficial  consideration  of  the  question, 
that  the  conglomerates  were  jounger  than  the  limestones.  But  it  is  impossible 
that  this  can  be  their  true  relation. 

In  the  Simla  area  it  has  been  found  that  the  Blaini  limestone  rests  on  the 
conglomerate,'  and  that  both  are  below  the inf ra-EIrol  (carboniferous*)  series  and 
the  Krol  (carbo-triassic  ')  limestones.  In  Kashmir  Mr.  Lydekker  assigned  the 
position  of  the  conglomerates  to  the  silurian  series.^  In  Spiti  the  very  similar 
Mnth  conglomerate,  described  by  Dr.  Stoliczka,  and  correlated  by  him  with  the 
Blaini  conglomerate,  is  assigned  to  the  upper  silurian  series.  We  may  therefore 
conclude,  I  think,  that  the  conglomerate  under  discussion  belongs  to  the  silurian 
series,  and  is  probably  of  upper  silurian  age. 

Next^  as  to  the  limestones.  Grinoidal  limestones  in  the  neighbouring  district 
of  Kashmir  occur  in  both  the  carboniferous  and  triassic  series,  and  would  seem 
to  be  especially  characteristic  of  the  former.'  The  blue  crinoidal  limestone, 
described  in  the  preceding  pages,  occurs  in  a  bed  near,  but  not  immediately  adjoin, 
ing,  the  upp6r  silurian  conglomerates,  and  the  inference  which  arises  from  these 
facts  is  that  the  beds  must  here  be  inverted,  and  that  the  crinoid  limestone, 
which  is  presumably  not  older  than  carboniferous,  must  really  be  younger  than 
the  upper  silnrian  conglomerate. 

A  similar  inference  arises  in  the  case  of  the  beds  on  the  north  side  of  the  pass 
for,  whether  the  limestone  which  crops  out  there  represent  upper  silurian  (Blaini), 
carboniferous  or  triassic  limestones,  its  proper  place  is  above  the  conglomerate, 
and  consequently  the  rocks  here  must  also  be  inverted. 

« 

What  seems  to  have  happened  is  that  in  the  course  of  disturbances  which 
occnrred  in  post-triassic  times,  the  lower  Silurians,  from  near  Elalail  to  the  top 
of  the  Sach  pass,  were  forced  up,  and  in  their  upward  progress,  aided  by  lateral 
compression,  caused  the  upper  silurian  conglomerates  to  be  squeezed  into 
the  inverted  position  they  now  occupy  with  reference  to  the  "  carbo-triaasic  " 
limestones. 

It  does  not  seem  necessary  to  suppose  that  there  were  any  complicated  move- 
ments below  the  surface, — simple  lateral  pressure  seems  su£5cient  to  account  for 
the  results  we  see.  If  when  the  disturbance  occurred  the  surface  of  the  ground 
was  sculptured  in  much  the  same  way  as  the  Himalayas  are  now  sculptured,  we  may 
suppose  that  the  bottom  of  a  valley,  with  mountains  rising  steeply  on  either  side, 

1  Maniul  G.  8. 1..  Vol.  II,  p.  600. 

«  Beooxdfl  6.  S.  I.,  VoL  XI,  p.  62;  VoL  XIH,  p.  56;  Vol.  XIV,  p.  40. 

s  Ihid. 

«  Compu«  Beooxds  G.  S.  I.,  Vol.  XI,  pp.  88,  89,  with  Vol.  XI,  pp.  41,  43. 

*  Kecoidi  G.  8. 1.,  Vol,  XI,  pp.  48,  47 ;  Vol  XIV,  p.  24. 
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was  sitnated  over  the  block  of  lower  silurians  now  seen  between  Kalail  and  the 
Bach  pass.  On  lateral  pressure  being  set  up,  the  rocks  under  the  bottom  of  tiie 
valley  would  naturallj  rise,  for  there  would  be  comparativelj  Utile  superincumbent 
weight  to  keep  them  down,  whilst  the  rocks  under  the  mountains,  which  formed 
the  side  of  the  valley,  would  be  comparatively  little  disturbed.  If  we  suppose 
that  the  superincumbent  ntiass  above  that  part  of  the  carbo-triassic  limestones, 
which  occurs  in  the  section,  was  greater  tiian  that  over  the  conglomerates,  one 
can  understand  h6w  the  latter  were  forced  by  the  rising  lower  Silurians  into 
their  present  inverted  position  with  reference  to  the  limestones. 

An  illustration,  on  a  small  scale,  of  what  I  mean,  may  be  found  in  coal  mines. 
There  is  always  a  tendency,  I  believe,  in  the  floor  of  galleries  to  rise,  or  to 
"  creep"  up  towards  the  roof,  if  they  are  not  kept  down  by  artificial  means.  The 
section  under  consideration  seems  to  me  to  indicate  a  case  of  "  creeping "  on  a 
large  scale ;  and  tangential  pressure  exerted  on  a  mountain  region — ^the  mountain 
region  of  .those  times — ^seems  sufficient  to  explain  the  inversion  of  the  upper 
Silurian  conglomerates  on  the  carbo-triassic  rocks  observed  on  both  sides  of  the 
Sach  pass. 

Glaciation. 

Half  way  between  Sauch  and  Purti,  in  the  Pangi  valley,  and  on  the  left  hank 
of  the  Chandra  Bhaga  (Chinab),  where  the  river  pursues  its  way  for  some  dis- 
tance through  a  rather  narrow  gorge,  the  road*  is  carried,  at  the  level  of  ahoat 
100  feet  above  the  river,  by  a  sort  of  bridge  made  of  poles,  for  30  or  40  feet 
across  a  perfectly  smooth  rock  that  slopes  down  to  the  river  at  a  high  angle. 
This  rock,  for  a  height  of  about  100  feet  above  the  road,  and  down  towards  the 
river  as  far  as  the  eye  can  trace,  has  been  smoothed,  polished,  and  grooved  by  an 
old  glacier.  The  striations  and  grooves  are  well  cut  into  the  rock  and  are  count- 
less in  number.  They  run  nearly  parallel  to  the  surface  of  the  river,  with  a 
somewhat  greater  '*  fall "  than  the  bed  of  the  stream,  and  occasionally  some  of 
them  cross  each  other  at  a  small  angle.  No  one  who  has  seen  the  marks  of 
recent  glaciation  in  Switzerland  or  elsewhere  could  possibly  mistake  the  evident 
signs  of  ancient  glaciation  here  exhibited.  I  never  saw  a  better  specimen  of 
ice  work. 

The  strata  here  are  perpendicular,  and  the  strike  at  right  angles  to  the  oonrse 
of  the  stream.  Where  the  upper  surface  of  the  glacier  ceased,  the  rock  stands 
out,  in  beds  of  from  6  inches  to  a  foot  in  thickness,  in  bold  and  ragged  lines. 
Below  what  must  have  been  the  surface  of  the  ice  stream,  these  beds  have  been 
ground  down  to  so  smooth  a  plane  that  no  trace  of  the  bedding  is  to  be  seen. 

We  have  here  an  interesting  proof  that  at  no  remote  period  the  glaciers  of 
the  Chandra  and  Bhaga  valleys  must  have  vastly  exceeded  their  present  dimen- 
sions. These  valleys  were  probably  filled  by  confluent  glaciers  that  flowed  down 
into  the  JPangi  valley  to  a  little  below  the  point  now  indicated,  the  elevation  of 
which  is  about  7,500  feet  above  the  sea. 

1  The  roads  marked  on  the  map  for  the  most  part  indicate  the  position  of  o\d  roads  that  bate 
long  since  disappeared. 
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Noiee  on  ihe  South  Rewah  GhondwAna  basin. — By  Theo.  W.  H.  Hughes, 
A.B.S^.,  F.G.S.y  Oeological  Swrvey  of  India. 

[Note  II.] 

la  continxiation  of  the  notes  of  mj  first  jear's  observations  on  the  South 
Bewah  coal  areas  (published  in  Records,  Part  1  for  this  year),  I  can  now  give 
somewhat  fuller  details  about  the  individual  seams  that  have  been  met  with,  and 
can  define  the  limits  within  which  there  is  a  reasonable  prospect  of  obtaining 
eoal.^  I  have  little  to  add  to  the  geological  knowledge  acquired  last  season, 
beyond  the  fact  that  in  the  classification  of  the  Lower^  G-ondwdna  rocks  there  is 
—judging  by  fossil  contents — a  horizon  corresponding  to  that  known  as  the 
Karharbdri  horizon.  I  am  not  at  present  resolved  to  retain  it  as  a  determinate 
gronp,  and  it  has  been  introduced  on  the  field  maps  provisionally.  My  own 
proclivities  are  to  associate  these  beds  with  the  Bardkars,  and  I  believe  there  is 
feir  evidence  of  their  overlap  on  the  TAlchirs. 

The  same  rock  groups  as  those  under  examination  last  year  were  again  the 
subject  of  investigation,  the  highest  in  the  series  being  trap,  and  the  lowest 
granite. 

Oranite, — Commencing  with  the  granite,  we  found  it  in  greatest  force  in  the 
sonth-eest  portion  of  the  Sohagptir  district,  whence  it  extends  into  the  Pendra 
and  Korea  zamindaris.  The  component  minerals  are  felspar,  blackish  mica, 
and  greyish-white  quartz,  of  which  the  first  (orthoclase)  is  most  prevalent. 
The  granite  produces  its  characteristic  contour  of  country,  and  a  series  of 
small  independent  hills  of  broken  and  rugged  outline  mark  its  occurrence. 
There  are  several  little  inliers,  at  intervals  in  the  area  that  has  been  ranged  over, 
and  their  boundaries  have  been  definitely  traced.  Beyond  the  necessity .  of 
denoting  their  existence,  there  is  nothing  special  to  remark  about  them. 

TdUhir. — ^Above  the  granite,  and  in  immediate  contact  with  it  for  a  great 
nnmber  of  miles  in  the  districts  already  mentioned  of  Sohagpdr,  P6ndra,  and 
Kor6a,  are  the  T41chir  rocks.  They  extend  far  to  the  south  and  east,  much 
beyond  the  limit  of  our  past  season's  explorations.  Our  attention  was  devoted 
to  tracing  the  boundaries  north  of  the  granitic  area,  and  a  g^at  deal  of  time 
was  spent  in  the  mere  drudgery  of  tramping  several  hundreds  of  miles  of  small 
ud  large  stn^ams  to  insure  ourselves  against  having  overlooked  any  inliers  of 
gi^ite  or  outliers  of  more  recent  rocks.  The  same  course  was  pursued  in 
reference  to  each  group  that  we  took  in  hand,  but  the  result  in  utility  was  so 
▼eiy  nominal  in  the  case  of  the  T41chirs  and  granite,  that  after  a  hard  and  long 
day  ^ere  ^was  a  depressing  consciousness  of  time  wasted.  With  the  Bardkar 
and  B&niganj  groups  there  was  always  the  hope  that  another  bend  in  a  river 

HwM  aocompanied  throoghont  the  whole  of  the  working  period  by  Sub-AjBsistant  H£ri 
Ul,  vho  undertook  the  special  task  of  tracing  the  boundaries  of  the  trap  and  of  the  Lameta  gronp. 
Bit  vhere  these  formations  happened  to  be  beyond  reach  of  our  different  camping  gronnds,  he 
ittacked  the  T^chirs  and  granite  and  prospected  industriously  for  coal  Mams.  My  paper  contains 
oor  joiiit  observations,  and  I  wish  to  make  such  encouraging  acknowledgment  of  his  assistance  as 
^  lilwurs  deserve. 
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would  briDg  to  view  a  seam  of  coal  or  a  bed  of  shale  or  sandstone  in  which  fossils 
might  be  found. 

The  Tdlchirs  in  Sohdgptir  are  made  np  of  the  same  varieties  of  beds  as  oociir 
in  the  Damtida  vallej,  and  the  green  and  yellowish  silts  are  the  predominant 
rocks.  There  are  well  exposed  sections  of  them  in  the  S<$n,  the  H^ia,  the  Alan, 
and  the  Tipan  rivers.  I  traced  them  as  far  east  as  the  village  of  Nagar'  in  the 
Korea  State,  in  order  to  join  mj  line  of  observation  with  that  of  Mr.  Ball,  and  to 
complete  a  traverse  of  the  Indian  Peninsula.  The  contact  with  the  granite  is 
eveiy where  natural,  and  the  lie  of  the  beds  is  low.  Here  and  there  a  few  little 
slips  occur,  accompanied  by  local  disturbance,  bat  I  failed  to  establish  my 
colleague's  fault  north  of  Nagar. 

Entirely  separate  from  the  T&lchirs  of  the  Sohigpiir  district  is  the  small 

area  in  the  valley  of  the  Johilla  that  I  alluded  to  in  my 
^alchin  in  the  Johilla     fo^m^  ^^^^     j^  j  ^^^  ^ot  fix  its  exact  limits  last  year, 

I  will  place  my  more  recent  observations  on  record.  In 
the  section  of  the  Johilla  river,  the  T^chirs  are  seen  both  north  and  south  of  the 
inlier  of  granite  that  extends  from  MangthiLr  to  Ponri.  Those  to  the  sonth  are  not 
well  exposed,  but  on  the  north  side  they  stretch  from  Ponri  to  Bani  Ch£da.  The 
bottom  bed  is  a  fine-grained,  compact,  brownish-grey  calcareous  sandstone ;  then 
above  comes  the  famous  boulder  bed,  the  matrix  consisting  of  greenish-grey 
silt;  the  contained  fragments  are  red  binary  granite,  conglomeratic  quarfadte, 
quartzite,  and  green  schist.  The  bed  is  quite  80  feet  (if  not  more)  in  thickness. 
To  this  succeed  claret-coloured  greyish-green  and  yellowish  silts ;  one  or  two 
thin  boulder  beds ;  compact,  slightly  calcareous,  sandstones ;  soft,  fine-g^ndned, 
slightly  pinkish  and  yeUowish-grey  sandstones,  with  felspar  decomposed,  and 
weathering  with  rounded  outlines  ;  then  alternating  silts  and  sandstones  to  the 
end  of  the  section.  There  might  possibly  be  a  little  doubt  about  including  the 
sandstones  in  the  long  reach  of  the  Johilla,  at  the  eastern  end  of  which  is  the 
village  of  Oordia,  as  Tdlchirs,  were  they  seen  alone;  bnt  most  characteristic 
greyish-green  splintery  shales  occur  above  them  in  the  elbow  of  the  river  near 
Bara  ChMa  that  do  away  with  one's  hesitation. 

The  T&lchirs  extend  only  a  very  short  distance  inland  from  the  right  bank  of 
the  Johilla,  but  they  can  be  traced  for  4  or  5  miles  in  the  opposite  direction, 
until  they  are  overlapped  by'Lametas  and  Barikars. 

Fossils  were  discovered  in  several  places,  but  usually  in  such  an  impeilect 

state  of  preservation  that  it  was  not  worth  while  keeping 
Fossils.  them.    A  few  good  specimens,  however,  were  obtained 

near  Antikpur,  and  Dr.  Feistmantel  has  determined  them  as  follows.:— 

"  Andpktir.«     Group  T41chir. 
EqiMetaceous  stems. 

Oangamopterie  cyclopteroides,  (type)  Feistm. 

var.  attenuata. 


»  » 
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These  are  just  like  specimens  in  the  Karann  (Deoghar)  field.'' 

Karharhdri, — From  the  circnmstance  that  the  coal  occurring  in  the  Johilla 
-was  associated  with  plants  found  in  the  Karharbdri  horizon  of  the  Karharb&ri 
field,  Dr.  Feistmantel  speciallj  pressed  me  to  make  diligent  search  for  such 
evidence  as  might  bear  upon  the  question  of  the  existence  of  such  a  group  as  the 
jEarharb&ri  in  the  South  Bewah  area.  Beds  containing  some  of  the  neces- 
sary fossils  were  met  with  last  year  south  of  Elhaira  in  the  neighbourhood  of 
Sardi  and  S4rangptir,  and  this  year  similar  fossils  have  been  discovered  in 
other  localities,  all,  however,  within  the  vicinity  of  Khaira.^     The  specimens 

VeHebra/ria  indica, 
Olo88opteri3  communis, 
Noggerathtopsis  hislopi. 
VoUsia  Tieterophylla. 
Samaropgte,  comp.  parvula, 
OarpoUtes  mdlleru 

From  near  Dh&mni  *  (which  is  2  miles  south-east  of  Khaira)  some  very  fine 
leaves  of  Noggerathiopsis  hielopi  were  procured,  and  in  association  with  them  were 
seeds  of  the  same  plant.  Of  these  latter,  which  Dr.  Feistmantel  has  named 
Oarpelites  milleri,  he  says  '*  about  nine  specimens  of  a  fruit,  first  described  from 
PiLsseribhia  (No.  5  D)  in  the  Karharbari  coal-field,  from  Karharbdri  beds,  in  a 
yi-milftT  association  of  fossils." 

I  could  not  see  anything  distinctive  in  the  character  of  the  rocks  containing 
tiiis  partial  Karharb4ri  flora  to  warrant  a  separation  from  the  Damddas.  The 
strata  in  which  the  plants  actually  occurred  were  argillaceous  shale  and 
moderately  fine-grained  grey  felspathic  silicious  sandstone,  slightly  micaceous 
and  with  faint  carbonaceous  streaks,  such  as  may  be  found  in  cither  the  Bdni- 
gpanj  or  BadLkar  groups.  I  have  left  the  final  placing  of  these  beds  open 
until  our  survey  is  completed,  in  the  hope  that  more  evidence  may  be  forth- 
coming. Were  I  called  upon  to  decide  at  once,  I  should  place  them  with  the 
I>amudas. 

Bardkar. — There  is  satisfactory  proof  of  the  occurrence  of  this  group  over 
a  large  portion  of  the  Soh&gpdr  district  and  some  part  of  Korea,  in  the  strong 
resemblance  that  the  sandstone  and  other  rocks  have  to  the  typical  represen- 
tatives in  the  B&niganj  field.  I  assume  that  there  is  no  necessity  "to  enter  into 
liihographical  details,  this  point  having  been  so  often  treated  of  by  others  and 
mjrself  in  the  Memoirs  of  the  survey ;  and  I  will  at  once  proceed  to  enumerate 
tlie  localities  at  which  coal  has  been  found,  and  comment  upon  the  nature  of 
the  seams  and  the  prospect  of  working  them  profitably. 

Wherever  the  Bardkar  group  exists  there  coal  has  been  met  with.  Three 
distinct  areas  have  been  mapped,  one  near  tTmaria,  the  other  in  the  valley  of  the 
Johilla,  and  the  third  in  the  Sohdgpiir  and  Korea  districts.  The  two  former 
are  veiy  limited  in  extent ;  the  latter  occupies  several  hundred  square  miles.    I 

»  Long,  sr  SI'  E. ;  Lat.  28°  9'  N.  »  Long.  SI*  32'  E. ;  L«t.  23*  7'  N. 
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have  not  entered  into  exact  figures,  as  onr  examination  of  the  conntry  is  not 
completed. 

Only  one  seam  of  coal  has  been  noticed  in  the  tTmaria  exposure  of  Barakars.* 
^      .  It  crops  ont  in  the  rii?ht  bank  of  the  river  that  flows 

between  the  two  villages  of  tJmaria'  and  Elhalesar,  and  is 
well  seen  where  the  high  road  to  E^anria  crosses. 

The  thickness  of  the  seam  varies  from  4'  6'  to  4'  10/  and  the  dip  is  to  the 
north-north-west  at  an  angle  of  5^.     The  section  at  the  ghAt  is — 

1.  Sandstone. 

2.  Coal  seam. 

8.  Carhonaoeofu  shale. 

4.  Sandstone,  same  as  that  ahove  the  seam. 

The  outcrop  of  the  seam  is  seen  inland  on  both  sides  of  the  river,  and  also 
up  the  river  for  about  150  yards. 

To  determine  its  age,  which,  however,  from  the  first  I  inclined  to  think  was 
Bar&kar,  Hird  L&l  and  myself  searched  assidu^ously  for  fossils ;  we  found  none 
with  the  coal,  but  in  some  grey,  sHghtly  carbonaceous  argillaceous  shale,  a  few 
feet  below  it,  Hird  Lil  was  fortunate  enough  to  hit  the  right  slab  on  the  head 
and  brought  to  light  a  few  leaves  and  stems  belonging  to  the  genera  Oangamop' 
teris,  Olo88opteri8y  and  Phyllotheca^  which  satisfactorily  proved  that  the  coal  was 
not  of  Jabalpdr  ago  as  had  once  been  surmised.  I  have  placed  it  with  the 
Bar&kar  group,  and  as  corresponding  to  the  seam  in  the  Johilla  river,  which 
is  certainly  neither  in  the  Rdniganj  nor  T&lchir  horizon.  We  did  not  stay  long 
enough  to  trace  the  extension  of  the  seam  beyond  the  vicinity  of  the  river,  but  I 
have  no' apprehension  of  there  being  a  deficiency  of  coal.  The  dip  is  moderate, 
making  the  working  of  it  an  easy  matter. 

I  again  give  Mr.  Mallet's  analysis,  which  shows — 

Moisture  ...  ...  ...  ...  H'S 

Volatile  (ezclnsive  of  moisture)  ...  ...  29*4 

Fixed  carbon        .„  ...  ...  ...  45-8 

Ash  ...  ...  ...  ...  13'6 
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There  is  an  excessive  amount  of  moisture,  but  there  is  no  question  that  this 
would  diminish  when  the  coal  had  been  opened  up  for  a  while.  Mr.  Cook  of 
Elatni  (Kutnee)  has  made  practical  trial  of  the  coal,  and  states  that  for  his 
purpose,  which  is  lime-burning,  it  answers  very  well,  and  that  if  it  could  be 
procured  regularly  and  at  a  somewhat  less  price  than  it  costs  by  pack  carriage, 
a  great  boon  would  be  conferred  on  those  engaged  in  the  same  business  as  him- 
self. In  the  early  part  of  this  year  Mr.  Trimnell  succeeded  in  bringing  to 
a  successful  issue  his  attempt  to  make  pig-iron  with  charcoal ;  but  he  was 
practical  enough  to  know  that  a  supply  of  charcoal  sufficient  to  keep  even  a 

^  This  coal  was  first  hronght  to  notice  in  1860  by  Captain  Willonghby  Osborne,  then  Polilacal 
Agent  at  Bewah ;  and  in  the  same  year  it  was  reported  on  by  Captidn  H.  Hyde,  B.£.,  ConsnltiBf 
Engineer  for  Railways,  and  by  Mr.  Alexander  Chrant,  of  the  East  Indian  Railway. 

'Long.  80"  54.';  Lat.  88^82'. 
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small  fnmaoe  going  regularly  is  not  to  be  depended  upon  near  Katni,  and  be  has 
awaited  with  some  anxietj  the  result  of  our  season's  labour.  Well !  there  is  coal 
at  tJmaria,  quite  as  capable — ^judging  by  the  analysis — of  driving  a  locomotive 
engine  as  any  of  the  coal  at  Mohp&ni  and  in  the  Warora  field ;  but  is  it  any 
better  suited  to  the  wants  of  an  iron  master  than  the  Warora-  fuel  ?  If  the 
experience  of  those  who  have  gone  before  us,  and  who  have  recorded  their 
opinions  is  of  any  value,  the  'O'maria  coal  will  be  condemned.  It  has  been  my 
lot,  however,  to  see  coal  improve  under  proper  trial  and  management,  on  so 
many  occasions,  that  I  would  strongly  recommend  the  Bewah  authorities  being 
requested  to  send  some  4  or  500  maunds  to  be  tested  under  British  supervision  at 
Jabalpur. 

The  combined  amount  of  moisture  and  ash  indicated  in  the  analysis,  24*8  per 
cent,  is  a  heavy  drawback  on  any  coal  used  in  direct  contact  with  the  ore  in  iron 
smelting,  but  there  is  the  possibility  and  probability  that  these  items  of  depre-  . 
ciation  will  be  less  serious  when  regular  mining  operations  are  established. 

The  distance  of  tTmaria  from  the  nearest  railway  station,  Katni  (on  the  Bast 
Indian  line),  is  34  miles,  and  only  one  lai^  river,  the  Mdh&nadi,  has  to  be  crossed. 
To  bridge  it  would  not  be  a  difficult  undertaking,  there  being  ample  rook  founda- 
tion at  numerous  points. 

I  have  no  wish  to  thoughtlessly  advocate  the  construction  of  a  line  of  com- 
mnnieation  to  the  coal-field  at  TTmaria  until  something  more  positive  is  known 
of  the  quality  of  the  fuel,  and  whether  there  are  collateral  advantages  to  be 
derived  under  other  heads  of  traffic.  From  the  growing  importance  of  Katni, 
however,  as  a  mart,  and  the  immense  droves  of  grain-laden  bullocks  converging 
on  that  point  by  way  of  TTmaria,  from  the  Bewah,  Mandla,  BiUspdr,  and  Ghirrj&t 
districts,  I  believe  a  local  line  might  be  made  to  pay.  If  the  coal  were  only 
moderately  good,  it  might  enter  into  successful  competition  with  the  outturn  of 
the  Biniganj  fields  for  stations  beyond  Allahabad^  the  saving  in  carriage  by 
rail  being  200  miles  and  more.     Thus— 


Miles. 

ICilea 

Oman*  to  Katni 

...     34 

Sitarampor  to  Allahabad 

426 

Katni  to  Allahabad       ... 

...  171 

Baniganj  to  Allahabad     ... 
Karharbari  field  (Giridih)  to  Allaha- 

448 

205  bad  ..«•  ...  ...  404 

The  route  by  ITmaria  and  so  on  to  Katni  is  the  natural  outlet  for  the  country 
included  within  the  drainage  basin  of  the  Upper  S6n,  the  trappean  Mandla 
plateau  being  the  turning  barrier  directing  the  stream  of  traffic;  and  it  so 
happens  that  along  that  route  coal  can  be  procured.  I  cannot  emphasise  too 
strongly  the  advantage  of  accumulating  certaru  information,  and  in  addition  to 
the  suggestion  that  fair  trial  of  the  coal  be  made,  I  would  propose  that  a  few 
hore  holes  should  be  sunk  in  order  to  prove  the  extent  of  the  seam  and  its  thick- 
nes8  at  different  points. 

The  Barakars  of  the  Johilla  valley  are  exposed  abqjit  15  miles  south-east  of 

TTmaria,   and  likewise   contain  a  seam  of  coal,  which, 

however,  I  do  not  consider  workable,  as  the  proportion  of 

coal  to  the  partings  is  too  small.     The  detailed  measurement  of  this  seam  is  given 
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in  my  first  paper.  I  Have  tntced  it  for  2  miles  west  of  where  it  appears  in  tlie 
Johilla,  but  nowhere  at  its  outcrop  has  it  a  promising  appearance. 

Having  once  again  the  opportanitj  of  looking  at  the  boundary- of  the  Barikars 

and  T41chirs,   I  think   I   have  fixed  it  satisfactorily,  the 
and  Ti^S.^  lowest  stratum  of  the  upper  gropp  being  a  massively-bedded 

yellowish-gprey   felspathic  nodular  sandstone,   with  mica 
sparingly  distributed  through  it. 

From  the  notice  of  these  two  minor  areas  I  now  pass  to  the  more  extensive 

one  of  the  Sohdgptir  field,  which  stretches  uninterruptedly 
^^  '*  into  the  Korea  State.     There  is  no  great  richness  of  coal, 

nature  having  apparently  exhausted  herself  in  abortive  efforts  resulting  in  car- 
bonaceous or  coaly  shales,  or  seams  too  thin — according  to  the  present  standard 
of  working — to  be  mined  profitably.  Owing  to  the  horizontality  of  the  strata, 
however,  such  seams  as  occur  of  available  size  possess  the  advantage  of  extreme 
accessibility  and  can  be  easily  won  over  a  large  area. 

The  highest  seam  in  the  group  is  exposed  in  the  bed  of  the  River  S6n  near 

the  village  of  Bichia.'     Its  actual  thickness  could  not  be 

'  determined,  but  it  is  something  more  than  5  feet.    Hira  L&l 

traced  it  from  where  I  first  saw  it  in  the  Jam6nia  nala  for  over  4  miles.    It 

seems  to  be  cpal  throughout,  but  he  says  that  the  upper  part  is  inferior  in  quality 

to  the  lower. 

The  assay  of  the  better  portion,  made  under  the  direction  of  Mr.  Mallet^  is— 

Moisture  ■••  •••  •••  ...      o*8 

Volatile  matter      ...  ...  ...  ...    29*5 

Fixed  carbon         ...  ...  .v  •••    ^^"^ 

ABo  tt.  ...  .••  •••         V  # 
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It  does  not  cake.    Colonr  of  ash  reddish-grej. 
There  is  no  other  seam  for  many  miles  around  that  approaches  this  in  thickness ; 
but  there  are  several  thin  beds  to  the  south  and  east  lower  in  the  series.    All 
these  will  be  shown  on  the  published  maps  to  indicate  that  they  have  not  been 
overlooked,  but  I  have  not  deemed  it  necessary  to  specify  them  here. 

The  next  exposure  of  thick  coal  is  24  miles  to  the  east  of  the  one  just  described, 

in  the  bed  of  the  Kiwai  river,  near  B^lha-Piiri."     The 
Coal  seam,  Bflba-Piiil     thickness  is  not  all  seen,  but  I  estimate  it  at  5'6'.     The 

section  in  the  bank  is — 

Coal             ...  ...  •••  •••  3  0 

Coaly  shale  ...  ...  ...  •••  I  2 

Coal  (not  all  seen)  ...  ...  ...  1' 4"  (about). 

6'e" 

The  dip  is  low,  as  usual ;  indeed,  it  is  superfluous  to  repeat  this  statement  in 
reference  to  each  seam.     The  coal  seemed  fairly  good. 

»  Long.  81"  4A*  E. ;  Lat.  23*»  14'  N.  »  liong.  82»  4'  E. ;  Lat,  23«  9'  N. 


PART  4.]         HcoHES  :  Note  an  the  SoatL  Rewah  Guudwina  basin.  SI  7 

Passing  still  further  easty  a  seam  is  exposed  dose  to  the  village  of  Bhalmdri,^ 

measuring  5'  4!*,    The  direction  of  dip  jnst  at  this  locality 
D^tfk^^.  '    is  *o  *^®  south,  but  the  rocks  undulate  and  the  seam  is 

again  seen  near  BumarUchar. 
Going.down  the  Kulharia  nala  (on  the  banks  of  which  are  'the  two  Tillages 

just  referred  to),  the  finest  seam  in  the  Sohigpiir  district 
^^Coal  aeam^  Kulhana      ,^^g^  discovered  bj  HidL  L&l  at  the  confluence*  with  the 

Jliiria  stream.     I  give  my  own  notes  of  the  river  section 
from  this  point  to  the  junction  with  the  Hestho. 

The  seam  is  well  exposed  in  the  Kulharia  nakt,  at  the  foot  of  a  picturesque 
wateifall.  It  is  capped  by  greyish- white  felspathic  sandstone,  very  soft  at  the 
florface,  with  felspar  decomposed ;  there  is  here  and  there  a  slight  tendency  to 
fermginous  segregation,  but  not  nearly  to  such  an  extent  as  in  the  regular 
Mahadevis.  I  make  this  allusion  as  a  warning,  for,  though  the  presence  of  iron 
ifl  a  very  essential  element  in  characterising  the  sandstones  of  the  M&h4dev&s,  it* 
often  plays  a  prominent  part  (but  not  to  so  great  an  extent)  in  varying  the 
appearance  of  rocks  that  do  not  belong  to  ^at  group. 


The  thickness  of  the  sandstone  is 
Coal  seam  ... 

Coal 

Carbonaoeons  shale 

Coal 


...    28' 0* 

...    r  2r 

8' 6" 

1'  0" 
2' 8* 


Underneath  this — 

Carbonaoeoof  shale  and  sandstone  ...  ...  ...  ...      2^   (/' 

Sandstone  •••  ...  •••  ,  ,,«  ...  ...    18'   0" 

Coal  and  ooaly  shale    ...  ...  ...  ...  10^' 

Then  sandstones  to  the  end  of  the  section  where  the  road  from  Bhauta  to 

Jlu4;rikfaand  crosses  the  stream,  and  where  the  T&lohirs  are  brought  up  by  a 

hvlt    Owing  to  the  undulations  of  the  strata,  the  seam  is  repeatedly  exposed  to 

new  for  about  a  mile  and  a  half  in  the  bed  of  the  nala. 

The  analysis  made  by  Hirii  L^  under  the  direction  of  Mr.  Mallet^  of  what 

was  selected  as  an  average  sample  of  the  coal,  gives -« 

Moisture  ...  ...  ...  .••  6*7 

Volatile  matter  .„  ...  ...  ...  28'2 

Fixed  carbon  ...  ...  ...  ...  69'6 

Asn    .,,  ,,«  ...  ...  ■«•  o'B 


1000 
It  does  not  cake.    Ash  reddish  in  colour. 


This  is  mnch  more  favourable  testimony  to  the  excellence  of  the  coal  than 
I  anticipated.  The  smallness  of  the  ash  is  remarkable,  and,  for  the  future  credit 
of  the  Sohigptir  coal  basin,  I  hope  that  this  amount  of  5*5  per  cent,  will  never  be 
exceeded  by  this  seam.  With  such  fuel  as  this  anything^might  be  accomplished, 
bat  unfortonately,  like  most  good  things,  it  is  not  to  be  easily  obtained,  being  86 
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miles  furiiher  away  from  a  line  of  railway  than  TTmaria,  and  with  the  additional 
drawback  of  several  more  riyera  intervening. 

There  are  varions  outcrops  of  other,  but  smaller,  seams,  which,  as  none 
surpass  4  feet  in  thickness,  I  refrain  from  particularising  here.  When  the  fall 
description  of  the  ground  is  published  they  will  find  a  place  in  the  liet  of  un- 
important outcrops. 

Bdniganj, — As  yet  I  have  not  met  with  any  signs  of  the  ironstone  shales 
group,  the  rocks  next  in  succession  to  the  Bardkars  belonging  to  the  Ddmuda 
division. 

The  same  remark  applies  to  the  economic  aspect  of  the  coal  in  the  Biniganj 
gproup  as  in  the  Bar&kars ;  at  the  most,  there  appear  to  be  only  two  seams  (at 
different  horizons)  of  workable  size.  There  are  plenty  of  outcrops  of  a  carbo- 
naceous nature,  and  several  thin  beds  of  coal ;  but  there  is  comparatively  little  of 
the  substantial  richness  that  characterises  the  Damdda  series  farther  to  the  east 
Nature  appears  to  have  been  only  learning  how  to  accumulate  coal ;  or  it  may 
be  that  in  the  poverty  of  the  measures  in  this  part  of  the  country  we  have 
evidence  suggesting  upland  basins  of  coaly  deposition. 

The  two  seams  occur  in  the  bed  of  the  Biver  S^n.     One  of  them  I  described 

last  year  near  GudLnu     The  other  is  visible  where  the 

K^^S*^'^^^'**"'^    8™^^  ^*™"^  flowing  from  Khaira  falls  into  the  S6n,i 

north-north.west  of  the  village  of  Kanu&hi.  It  measures  9 
feet,  and  the  greater  portion  of  it  appears  to  be  coal.  No  analysis  has  been  made 
of  the  coal,  but  it  cannot  be  worse  than  that  of  the  Ghir&ru  seam.  If  it  be  no 
better,  it  will  scarcely  be  worth  touching.  It  is  not  likely,  however,  that  the  enor- 
mous amount  of  47*3  per  cent,  of  ash^  is  the  average  of  the  whole  of  this  coal, 
and  I  propose  to  select  several  samples  at  different  levels,  and  so  get  at  its  fair 
character. 

This  brief  notice  of  the  B&niganj  group  brings  to  a  close  the  description  of 
our  progress  in  the  discovery  of  coal.  Nearly  1,300  square  miles  of  possible 
coal-bearing  country  have  been  examined,  and  many  hundreds  of  miles  of  big 
and  small  rivers  have  been  walked,  in  order  that  no  outcrops  might  be  missed. 
Thfi  outcome  of  our  labours  is  in  one  sense  poor,  but  we  have  the  satisfaction  of 
knowing  that  our  search  has  been  a  careful  one. 

A  few  plants  have  been  added  to  our  collection  from  a  spot  in  the  S<$n  near 
its  junction  with  the  Mdma  nadi.     They  are — 

Aletliojpteris  Imdleyanoy  Boyle. 

Dicksonia  httghesi,  Feistm. 

Olossopteria  sp. 

^  Long  SI"*  32'  E.;  Lat.  23''  24'  N. 
'  Analysis  of  Guddra  coal— 

Moisture  ...  ...  ...  ...  2*7 

Volatile  ...  ,„  ...  ...  9*6 

Fixed  carbon  ...  ...  ...  ...  40*5 

Asn  ...  ,,,  ,,,  f,,  47*0 

1000 
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Dr.  Feistmantel  says  of  them,  "  these  are  like  forms  in  the  B&niganj  group, 
of  the  Bdniganj  and  Jharria  coal-fields."  The  two  genera  Alethopteris  and 
Dieksonia  help  to  show  that  the  beds  in  which  thej  were  found  belong  to  the 
upper  division  of  the  Dam^das,   Dicksoma  indeed  being  a  B&jmah^  form. 

MdkddevoB. — The  only  allusion  I  wish  to  make  under  this  heading  is  to  a 
remark  in  my  first  paper  on  the  £outh  Bewah  Gondwdna  basin,  at  page  128  of 
this  Yolume  of  our  Records,  in  reference  to  the  discovery  of  a  Vertehraria  indica 
in  a  sandstone,  which,  if  it  had  not  been  for  the  fossil,  I  should  have  classed 
"  with  a  series  higher  than  the  Dam&da."     The  force  of  discipline  was  too  strong 
for  me  last  season,  and  I  allowed  the  Vertehraria  to  overcome  me.    Having  the 
opportunity  of  again  looking  up  the  section  (which  is  in  the  Johilla),  I  did  so, 
and  my  notes  in  regard  to  it  are— *'  Went  to  Chota  Daigaon  and  then  struck  for 
the  Johilla.     Gt)ing  np  the  river  the  sandstones  are  coarse  pebbly  rocks,  yellowish- 
grey,  massively  bedded,  and  frequently  with  oblique  lamination.    At  intervals 
there  are  purplish,  fine-grained  argillaceous  sa^idstones,  and  bride-red  clays,  and 
fine-giained  purple  sandstones  frequently  so  f errugpmous  as  to  become  iron  ore. 
These  are  not  the  most  abundant  rocks,  but  they  are  prominent  because  of  their 
colour.    At  the  junction  of  the  Bara  Daigaon  nala  and  the  Johilla  is  a  small 
island,  and  in  the  purplish  fine-grained  argillaceous  sandstone  that  forms  a  thin 
bed  amongst  the  more  massive  sandstone  I  found  Vertebraria  stems.     This  dis- 
ooTery  might  lead  one  to  suppose  that  the  sandstones  here  ought  to  be  classed 
as  Damddas,  but  their  physical  aspect  is  utterly  at  variance  with  that  of  the 
Damiida  type.     The  presence  of  the  Vertebraria  is  the  difficulty  so  long  as  it  is 
looked  upon  as  a  specific  plant  of  the  Dam^da  series." 

1  would  fliffTwina  the  difficulty  by  extending  the  range  of  the  Vertehraria, 
Maleri  group. — No  representatives  of  this  group  came  under  our  observation 
dnxiiig  the  season. 

'  /o&oZptfr  group, — The  only  Jabalptir  beds  we  met  with  were  those  on  the  line 
of  inarch  from  Ghandia  to  L6ra.  That  these  all  belong  to  the  Jabalp^  group 
18  proved  by  the  fossils  they  contain.  The  sandstones  passed  over  were  a  loose 
granular  variety  with  specks  of  decomposed  felspar,  more  compact  sandstones 
with  seams  of  ferruginous  matter  and  pipes  of  segregated  silicio-ferruginous 
matter,  very  hard  white  quartzite  (looking  like  a  quartzite  of  much  older  age 
than  Jabalp^),  and  ferruginous  sandstones  with  stronger  ferruginous  patches 
here  and  I2iere.  The  shales  were  sometimes  a  little  argillaceous,  and  either  grey 
or  slightly  purple  in  colour. 

Near  L6ra,'  there  are  many  big  pebbles  along  the  edge  of  the  metamorphio 

inlier,   and  thinking  that  they  might  be  indicative  of 

F^l>bles  near  L6ra.  Tilchirs,  I  spent  one  day  in  wandering  through  the 
Tarious  nalas  to  test  the  idea.  I  failed  to  see  anything  that  I  could  call 
Tilchir.  There  is  an  exposure  of  a  pebble-bed  (in  the  stream  running  towards 
Dirouri)  overlying  a  reddish-coloured  indistinctly  seen  clay  bed,  but  it  has  no 
likeness  to  anything  of  a  T&lchir  type,  and  1  came  to  the  conclusion  that  the 
pebbles  at  the  surface  have  been  derived  from  beds  of  Jabalpiir  age. 

1  Long.  80^  46'  £.;  Lat.  23°  84'  N. 
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ZamHa. — The  tracing  of  the  Lam^ta  hoTmdaries  wiw  under  the  special  caie 
of  Hird  Ldl,  and  the  task  kept  him  hard  at  work  for  some  weeks.  The  mam 
body  of  the  gronp  runs  pretty  parallel  with  the  Mandla  trappean  plateau,  but 
there  are  several  small  ontliers.  These  would  prohablj  not  have  been  discorered 
in  several  instances  had  not  the  rivers,  in  which  they  were  observed,  been 
resolutely  walked  throughout  the  whole  of  their  course. 

The  predominant  rock  is  limestone,  and  subordinate  to  it  are  red  clays  ftnd 
soft  earthy  sandstones.  The  limestone  is  sometimes  pure,  but  more  commonly 
it  is  arenaceous  and  cherty.  The  analysis  of  a  clean  piece  from  the  Saipa  uala 
outlier  gave  the  following  result  :•— 

Carbonate  of  Ume...  ...  .•*  •••  86*5 

Carbonate  of  magnesia  ..,  ...  •,.  6*6 

Oxide  of  iron  and  almnina  •••  ...  ...  *6 

Esanci  ...                 11.  ...  ...  *«.  so 

\flBlj    «••                    ...  .1.  ...  •••  2X 

98-6 

Such  limestone  as  this  would  do  well  as  a  flux,  but  there  is  no  scarcity  of 
good  limestone  in  any  part  of  the  country. 

Trap.— The  trap  forms  a  very  prominent  feature  in  our  maps,  owing  to  its 
abundance ;  but  I  shall  reserve  my  special  remarks  on  it  for  my  Memoir. 


Submerged  Forest  on  Bombay  ieland.     Ohservatione  5^  O.  E.  Obmistok,  Betideni 

Engineer i  Bombay  Port  Trust 

(2nd  Notice.) 

Since  the  first  notice^  of  the  submerged  forest  discovered  in  the  excavation 
of  the  Prince's  Dock  at  Bombay,  some  further  particulai^  of  interest  have  been 
communicated.  The  facts  then  stated  were,  that  beneath  some  4  or  5  feet  of 
black  marine  mud,  at  a  little  under  extreme  low  tide  level  and  to  a  depth  of  12 
feet  below  it,  a  great  number  of  stumps  and  logs  of  trees  had  been  found  embed- 
ded in  a  stiff  blue  clay,  and  rooted  in  or  resting  on  the  decomposed  basaltic  rock 
(familiarly  known  in  Western  India  as  muram  (moorum))^  or  else  locally  in  a 
dark  loam ;  that  near  the  surface  of  the  blue  clay  the  stumps  were  extensivelj 
perforated  by  Teredo  borings,  and  that  one  log  was  found  to  have  been  charred. 

A  first  point  to  be  determined  was  the  species  of  the  trees,  for,  as  Mr.  Blan- 
f ord  pointed  out,  if  they  were  such  as  frequent  mangrove  forest,  the  amount  of 
the  depression  might  be  much  less  than  was  apparent.  A  large  collection  of  sam- 
ples was  sent  to  the  Geological  Survey  Office  (Calcutta),  where  they  were  ex- 
amined by  Mr.  J.  Sykes  Gamble,  Conservator  of  Forests  (Bengal),  who  is  well 
acquainted  with  the  structural  characters  of  Indian  timbers.  Mr.  Ormiston 
had  at  first  recognised  two  of  the  samples  as  teak  wood,  and  this  has  been  fnllj 
confirmed  by  Mr.  Gamble.  These  two  specimens  are  believed  to^  have  been  taken 
from  logs ;  tiiey  were  more  decomposed  than  the  others,  and  were  probably  drifted. 

»  Becoidi  G.  S.  I.,  Vol.  XI  (1877),  p.  302. 
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A  considerable  prox>ortion  of  the  other  samples  examined  by  Mr.  Gkanble, 
Beveral  of  them  from  stomps  in  place,  were  determined  to  be  khmr  (^Acacia  catechu). 
Both  teak  and  kluur  are  indigenous  in  the  Konkan,  but  are  not  known  to  affect 
gronnd  within  tidal  reach,  so  it  is  dear  that  this  forest  most  have  stood  clear 
of  high-water  mark,  and  that  the  observed  depth  below  that  level  (82  feet)  is 
aminimnm  measnre  of  the  depression.  It  is,  moreover,  presnmable  that  the 
excavations  in  the  Prince's  Dock  did  not  reach  the  lowest  level  of  snbmexgeilce ; 
in  dredging  the  approach  channels  similar  wood  waa  brought  up. 

It  would  seem,  however,  that  that  old  land  surface  was  one  of  upheaval.  The 
'blue  clay'  in  which  the  trees  are  embedded  is  remarkable  for  containing  no 
animal  remains,  and  none  were  found  below  it  except  one  oyster  shell  amongst 
some  gravel  in  a  crevice  of  the  underlying  rock.  Mr.  Qeoffrey  Nevill  compares 
it  with  Oitrea  exca/vata.  Lam.,  but  as  there  is  only  one  vaJve  identification 
18  impossible.  Unless  this  shell  were  dropped  there  by  some  oyster-eating 
animal,  the  evidence  of  upheaval  would  be  direct,  and  it  would  so  far  confirm 
Mr.  Blanford's  conjecture  (I.  c.)  that  the  upheaval  of  the  old  sea  beach  on  the 
west  side  of  Bombay  island  had  preceded  the  depression  by  which  the  forest  was 
submerged* 

If  burned  wood  can  be  taken  as  proof  of  man's  presence— and  in  such  a  posi- 
Idon  as  this  the  presumption  for  this  inference  would  be  very  strong — the  possible 
oyster  eater  would  be  caught,  though  not  convicted  of  the  habit,  much  less  of 
having  deposited  that  particular  shell,  which  would  occur  by  natural  deposition 
as  found,  in  littoral  gravel.  The  '  charred  log'  mentioned  in  the  former  notice  is 
now  in  the  Indian  Museum,  and  a  number  of  observers  experienced  in  jungle 
life  have  pronounced  it  to  be  indubitably  burned.  It  is  4>  feet  6  inches  in  circum- 
ference and  the  burned  end  is  formed  of  one  slightly  concave  sur&ce,  about 
3  feet  6  inches  in  length,  tapering  to  one  side,  exactly  as  occurs  when  a  log  is  laid 
across  a  camp  fire  and  allowed  to  bum  till  it  breaks  and  iaJHa  aside  to  smoulder 
at  the  core.  No  other  signs  of  human  occupation  have  been  found :  no  marks 
of  chopping  were  observed  on  this  log  or  on  any  other,  and  no  implements  of 
any  kind.  The  circle  of  stones  doubtfully  mentioned  by  Mr.  Ormiston  in  his 
memorandum  was  unfortunately  not  seen  by  any  competent  observer. 

The  total  number  of  trees  found  within  the  dock,  in  an  area  of  30  acres,  was 
382,  of  which  there  were  223  erect  stumps,  but  many  of  the  prostrate  trees  were 
certainly  in  position,  having  the  roots,  and  even  the  small  twigs,  still  attached. 
Although  found  over  the  whole  area,  the  trees  occur  in  dusters,  with  a  decided 
nunerical  preponderance  on  the  eastern  (harbour)  side ;  the  prostrate  trees  also 
oocar  all  over,  but  are  proportionately  more  numerous  on  the  western  (Bombay 
island)  side.  These  facts  are  very  clearly  shown  on  the  plan  furnished  by  Mr. 
Ormiston.  There  is  no  mention  of  any  prevailing  direction  in  the  position  of 
the  uprooted  trees,  so  it  is  presumable  there  was  no  very  marked  feature  of  that 
Had.  Owing  to  the  scanty  nature  of  the  soil,  it  cannot  have  needed  much 
violence  to  overturn  these  trees. 

The  marked  character  of  the  bluish-grey  clay  in  which  the  stumps  are 
embedded  has  probably  some  direct  connection  with  the  act  of  subsidence.  In 
mineral  composition  it  does  not  differ  from  the  overlying  dark*brown  mud  of  the 
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harbour :  both  are  stiff,  slightly  marl j  (calcareous)  clays ;  and  the  scanty  soil,  or 
'  loam/  locally  forming  the  bed  of  the  forest,  differs  little  from  either,  being  only 
the  more  direct  resnlt  of  the  decomposition  of  the  immediately  snbjaoent  basaltic 
rocks.  The  paler  clay  only  lacks  the  vegetable  mould  which  gives  its  dark  colour 
to  the  soil  of  the  forest,  and  the  organic  matter  (in  part  animal)  which  im- 
pregnates the  overlying  clay  forming  the  mad  of  the  actaal  harbour.  The  latter 
is  freely  charged  with  estuarine  and  marine  shells :  in  the  fragments  sent  to 
the  Museum,  Mr.  Nevill  has  recognised  Potamides  (Tymfpanoios)  fluviaiilis,  Potiez 
and  Michaud,  and  Oerithvum  {?  0.  concissum^  Hombron  and  Jaeq)  ;  abo  numer- 
ous TeridintdoBy  among  them  a  large  Nausitora  {cf,  N.dunlopi,  'W^right),  but  as  the 
pallets  are  wanting,  close  identification  is  not  possible.  Even  these  boring  shells 
are  for  the  most  part  confined  to  the  upper  end  of  the  stumps  at  the  top  of, 
or  protruding  through,  the  unf ossiliferous  blue  clay.  It  would  seem,  then,  ihat 
this  deposit  had  been  somewhat  rapidly  accumulated  immediately  after  rapid 
subsidence  of  the  ground,  but  without  any  rush  of  waters,  for  the  fine  twigs  of 
the  fallen  trees  are  still  preserved  in  position  in  the  clay.  This  comparative 
rapidity  of  deposition  would  account  for  the  absence  of  colouring  oxganic  matter 
or  of  fossils,  which  is  the  peculiarity  of  this  clay. 

The  following  remarks  are  printed  from  Mr.  Ormiston's  memorandum  dated 
23rd  June  1880  :— 

"  So  far  as  one  could  judge,  all  the  trees  appeared  to  be  of  one  kind,  ezoept  two,  which 
looked  like  teak  trees.  Altogether  382  trees  were  found  inside  the  dock ;  223  were  upright, 
and  the  remainder  lying  flat.  Some  of  the  flat  ones  '  had  no  roots  attached ;  others  had 
apparently  heen  knocked  over,  as  a  portion  of  the  roots  were  in  the  soil.  The  timber  was  a 
dark,  fine-gndned  wood  like  rosewood.  All  were  more  or  less  infested  by  the  teredo.  Those 
trees  which  protraded  through  the  blae  clay  into  the  silt  were  completely  riddled  to  a  short 
distance  into  the  blue  day  ;  the  holes  then  hecame  fewer,  and  many  of  the  trees,  when  cat 
through  into  blocks,  showed  a  single  hole  winding  towards  the  roots  and  getting  larger 
as  it  approached  the  foot  of  the  tree.  Some  of  the  holes  were  fiill  1  inch  diameter,  and  were 
filled  with  indurated  clay  like  limestone ;  others  were  lined  with  a  crystalline  secretion.  I 
forward  samples  of  those ;  also  of  the  tabes  which  lined  the  smaller  holes.  One  tree  which 
was  found  on  its  side  was  4S  feet  long  and  ahoat  36  inches  girth ;  it  had  apparently  heen  blown 
over,  as  in  the  blue  clay  surrounding  the  tree  could  distinctly  he  traced  hranchee  and  twigs, 
the  woody  portion  completely  gone,  but  traceable  by  the  outer  skin  and  discolouration  of  the 
clay.  It  appeared  to  me  that  this  tree  must  have  heen  covered  in  very  quietly  J  otherwise 
the  casts  of  the  twigs,  &c.,  would  have  been  found  in  a  mass,  whereas  they  were  separate 
and  distinguishable  all  through  the  surrounding  clay. 

'*  I  should  say  many  of  the  trees  must  have  drifted,  as  they  looked  like  logs  when  found 
without  appearance  of  branches  and  no  roots  attached.  They  all  appeared  of  contempora- 
neous growth  and  on  an  uneven  surface.  The  highest  heing  72*20  on  T.  H.  D.^  or  ahoat 
Low  Water  extreme  springs.  The  lowest  was  ahout  56'00  on  T.  H.  Datum,  or  16  feet  under 
Low  Water  extreme  springs.  The  general  level  of  the  plane  of  the  port  and  native  town  is 
ahout  lOOOO  on  T.  H.  D.  The  soil  was  generally  very  scanty,  often  not  more  than  4*  to 
6"  thick,  and  the  tree  roots  were  spread  out  almost  at  right  angles  to  the  trunk,  and 
presented  a  very  peculiar  appearance. 

*  T.  H.  D.  or  Town  Hall  Datum,  an  ima^naiy  line  100  feet  helow  the  stone  bench-mark, 
at  the  Bombay  Town  Hall.  According  to  Mr.  Ormiston's  figures,  this  bench-mark  is  19-6 
feet  above  mean  sea-level.    The  extreme  tidal  range  at  Bombay  is  16*6  feet. 
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"  No  remaiiui  of  any  kind  were  found  of  implements,  or  any  other  sign  of  hnman  occupa- 
tion,  save  a  few  small  bonlders,  which  the  coolies  said  were  found  in  the  loam  at  the  bottom 
of  one  of  the  dams,  and  which  they  stated  had  been  found  in  a  circle  with  the  largest  in  the 
centre.  This  story  is  not  well  authenticated.  There  was  no  cutting  or  chipping  in  the 
•tones. 

"No  shells  or  organic  remains  were  found  in  the  blue  clay  or  in  the  ground  in  which  the 
trees  grew,  except  one  oyster-shell,  which  was  amongst  some  gravel  in  a  crevice  in  the  rock 
under  the  blue  clay.  Traces  of  twigs  and  reedt  were  perceptible  in  the  blue  clay,  mere 
impressions  of  the  latter,  with  a  fine  film  of  the  outside  skin  in  some  cases  adhering  to  the 
city.  None  of  the  casts  were  more  than  half  an  inch  wide ;  they  appear  to  have  grown  pretty 
straight  and  close  together,  and  were  vertical.  Immediately  underneath  the  traces  of  reeds 
were  pockets  in  the  underlying  yellow  loam,  like  rats'  holes,  about  S"  diameter,  winding  and 
twisting  through  the  soil.  They  were  filled  with  extremely  fine  day,  nearly  as  fluid  as  cream. 
Some  of  the  holes  were  seen  commencing  from  the  surface,  and  disappeared  about  a  foot 
down ;  others  had  been  cut  through,  and  showed  a  section  of  the  hole. 

**  The  strata  in  the  line  of  the  channels  presented  the  same  features  as  in  the  interior  of 
the  dock,  except  there  were  fewer  trees,  only  a  few  having  been  picked  up  by  the  dredger. 
The  reefs  were  black  on  the  surfiice,  some  parts  were  found  black  inside  when  blasted,  and 
others  lirer-coloured  and  red.  These  portions  were  extremely  hard.  Large  quantities  of  trap 
honlders,  the  same  as  the  trap  reefs,  overlaid  these  reefs.  A  box  of  samples  is  herewith  for- 
warded, besides  a  plan  showing  a  section  through  a  portion  of  the  dock."    ' 

The  rocks  forwarded  by  Mr.  Ormiston  represent  several  common  types  of  the 
Deocan  traps,  bnt  one  kind  is  conspicnons,  which  is  never,  so  far  as  I  know,  fonnd 
on  the  uplands  of  tlie  Deccan :  it  is  a  coarse  volcanic  agglomerate  or  breccia, 
large  angular  fragments  of  basalt  encased  in  an  ashy  matrix.  The  fact  is  of 
interest  in  connection  with  tbe  view  so  well  stated  by  Mr.  G.  T.  Clark,*  tbat  the 
chief  foci  of  eruption  of  this  great  volcanic  formation  lay  in  the  Konkan  and  its 
margin. 

H.  B.  MEDLICOTT. 


DONATIONS  TO  THE  MUSEUM. 

Donors. 
Nsti?e  antimony,  fibrous  stibnite  and  cinnabar  from  Borneo. 

Thb  Cohmissiokebs  of  the  Mblboubnb  Exhibitiok  of  1880. 
SeTenteen  samples  of  Belgian  wrought  iron. 

The  CoMiiissiovEBS  of  the  Mblboubnb  Exhibition  of  1880. 
'Tm^pUsh'  from  Perak. 

The  Coumissionbbs  of  thb  Mblboubnb  Exhibition  of  1880. 
Twenty-two  samples  of  crude  and  prepared  grinding  and  polishing  materials,  ^c. 

MB86B8.  John  Oasbt  &  Sons,  LoTuion. 
Bock  crystal  from  Madagascar  and  stibnite  from  Bodrigues'  Island. 

J.  Caldwbll,  Esq, 
Three  specimens  of  graphite  from  Ceylon. 

Mlijls  Kino,  Esq.,  Ceylon  Civil  Service. 
Cuprite  with  native  copper,  Cornwall. 

0.  Fbazbb,  Esq. 
>  Records  G.  S.  I.,  Vol.  XIII  (1880),  p.  69. 
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Two  oelts,  from  near  Dhidka,  Barrabhdm,  Minbhiim. 
Four  oelts  from  ChtttiA  N&gpur  and^Orissa. 
A  celt  from  Plrian&tli. 

Tincal  from  Tibet,  and  borax. 

Aariferons  sand  from  the  Parbatti  river,  Kulu. 


J.  Dbtbsii,  Esq. 

y.  Ball,  Esq. 

J.  Whittbt,  Esq. 

F.  J.  Cbookb,  Esq. 
A.  G.  YouRa,  Esq. 


ADDITIONS  TO  THE  LIBRABY 
Fbom  l8T  July  to  SQ^h  Sbftbubbb  1881. 

TitUs  of  Boolu.  Donors, 

Ball,  V.«-The  Diamonds,  Coal,  and  Gold  of  India ;  their  mode  of  ooconenoe  and  disiribiition 

(1881),  8yo.,  London. 
Baubbmak,  H.— Text-book  of  Systematic  Mineralogy  (1881),  Svo.,  London. 
Baubbxav,  H.— Treatise  on  the  Metallurgy  of  Iron  (1874),  Svo.,  London. 
BouBauiOBAT,  J.  B. — ^Histoire  Malaoologique  de  la  CoUine  de  Sausan  (1881),  8yo.,  Paris. 

Thb  Authqb. 
Bbovn.— Klassen  und  Ordnnngen  des  Thier-Beichs  : 

Band  YI.,  Abth.  III.  Keptilien,  Lief.  18—21. 

Band  Y.,  Abth.  II.  GUederfiissler  :  Arthropoda,  Lief.  1—3. 

Band  I.,  Protozoa,  Lief.  8  &  9  (1881),  8vo.,  Leipzig. 
Cabbal,  F.— Estudo  de  Depositos  Superficiaes  da  Baoia  do  Douro  (1881),  4to.  pht.,  Lisboa. 

Sbotiok  DBS  Tbataux  G^olooiqubb  bu  Pobtuoal. 

Ohoffat,  Paul. — ^£tude  Stratigrapbique  et  Pal^ntologique  des  Terrains  Jurassiques  do 
Portugal,  Livr.  I.  (1880),  4to.  pht.,  Lisbonne. 

Sbctiok  BBS  Tbataux  GiSolooiqubs  du  Pobtuoal. 

CoBBBSPONDBNCB  relating  to  Greenough's  Map  of  India  (1866),  8vo.  pht.,  Madras. 

B.  D  Oldhau,  Esq. 

CoTTBB,  J.  C.  B. — Fosseb  das  Bacias  Terciariaa  Marinas  do  Tejo,  do  Sado,  e  do  Algarre 
(1879),  8vo.  pht.,  Lisboa. 

Sbction  BBS  Tbataux  G^ologiqubs  du  PoBTuaAU 

Daubb^b,  M. — ^£tudes  et  Experiences  Synth^tiques  sur  le  M^tamorphisme  et  sur  la  Forms- 
tion  des  Boches  Cristallines  (1859),  8yo.  pht.,  Paris. 

B.  D.  Olbham,  Esq. 

Dbloado,  J.  F.  N.— ^Breves  Apontamentos  sobre  oe  Terrenos  Paleozoicos  do  Noeso  Paix 
(1870),  8vo.  pht,  Lisboa. 

Sbction  bbs  Tbataux  GiSolooiqubs  bu  Fobtuoal. 

Dblqabo,  J.  F.  N.— Da  Existencia  do  homem  no  nosso  solo  em  tempos  mui  remotos  provada 
pelo  estudo  das  caver nas.  Primeiro  Opuscula.  Noticia  Acerca  das  Qrutas  da 
Cesareda  (1867),  4to.  pht.,  Lisboa. 

Sbctiok  BBS  Tbataux  G^looiquss  bu  Pobtugal. 
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Dbloaik>,  J.  F.  N. — ^Belatorio  da  Commissao  Desenipenbada  em  Hespanha  no  anno  de 
1878  (1879),  4to.  pht.,  Lisboa. 

SeCTIOK  BBS  TbAYAUZ  Q£oLOOIQT7B8  DU  PoBTirOAE. 

Dbloido,  J.  F.  N.— Sobre  a  Existencia  do  Terreno  Silariano  no  Baizo  Alemtejo  (1876)| 
4to.  pbt.,  Lisboa. 

Sbctiok  deb  Tbataux  G^olooiqubs  du  PoBTUaiX. 

Fbitsch,  Db.  Aht. — ^Fanna  der  Gaskoble  und  der  Ealksteiae  der  Permfonnation  Bobmens. 

Band  I,  beft.  3  (1881),  4to.  Prag. 
HicKHBT,  W. — ^Beport  on  tbe  Iron  Ore  and  Goal  from  tbe  Cbanda  Distriet  of  ibe  Central' 

P^yinoes  (1879),  870.,  Boorkee. 

Thoxasoit  Collbob  of  CnriL  ENaiirBBBiBro. 
Hixdb,  G.  J.—FoBsil  Sponge  Spioales  from  tbe  Upper  Cbalk  (1880),  8vo.,  MQncben. 

Thb  Authob. 
JiFFiiBS,  Datii>. — Treatise  on  Diamonds  and  Pearls  (1871),  8yo.,  London. 
L1B8EH,  A. — Dansk-Norsk-Engelsk  Ordbog  (1880),  8vo.,  Copenbagen. 
Llotd,  Majob  Sib  Wm.,  &  Gbbabd.Capt.  Alex. — ^NorratiYe  of  a  jonmej  from  Cannpoor  to 
tbe  Boorendo  Pass  in  tbe  Himakya  Mountains,  vid  Gwalior,  Agra,  Delhi,  and 
Sirbind ;  and  an  aooount  of  an  attempt  to  penetrate  by  Bekbnr  to  Garoo  and 
tbe  Lake  Manasarowara,  Vols.  I  and  II  (1840),  8vo.,  London* 
MiuiriBB,  Stakislas. — £tade  descriptiYe  tb^riqne  et  exp^rimentale  snr  lea  M^t^orites 
(1867),  8vo.,  Paris. 

B.  D.  Oldb.au,  Esq. 
Norwegian  Nortb  Atlantic  Expedition,  1876—1878. 

ZooLoaT.    Fisbes,  by  Bobert  CoUett  (1880). 

„  Gepbjrea,  by  D.  0.  Danielssen  and  Joban  Eoren  (1881). 

Chbuistbt  :  I.  On  tbe  Air  in  Sea-water ;  II.  On  tbe  Carbonic  Acid  in  Sea- water ; 
III.  On  tbe  amount  of  Salt  in  tbe  water  of  tbe  Norwegian  Sea,  by  Hexcoles 
Tomoe :  (1880-81),  4to.,  Cbristiania. 
Thb  Editdbial  CoMuirrEB  to  the  Nobweojan  Nobth  Atlantic  Ezpeditiok. 
Omik,  v.  £.—Sven8k.Engel8k  Hand-Ordbok  (1872),  8vo.,  Orebio. 

Ob  the  xanufactubb  of  Ibon  akd  thb  futube  of  the  Chabgoal  Ibon  Ihdustbt  ik 

India  (1881),  flsc,  Allahabad. 

HouE  Depabtubnt. 

PBBSfwioH,  Joseph.— An  Index  Guide  to  tbe  Geological  Collections  in  tbe  University 

Museum,  Oxford  (1881),  8vo.,  Oxford. 
fixBiiBO,  Cablos. — Descripcao  do  solo  Quaternario  das  Bacias  Hydrographicas  do  Tejo 

eSado.    ll£  Cademo  (1866),  4to.  pbt.,  Lisboa. 

Section  deb  Tbataux  Gj^olooiqubs  du  Pobtugal. 
RiBBiBo,  Cablos.— Des  Formations  Tertiaires  da  Portugal  (1880),  8vo.  pbt,  Paris, 

Section  des  Teayaxtx  G^logiqubs  du  Pobtugal. 
BiBBiBo,  Cablos. — ^Memoria  sobre  0  Abastecimento  de  Idsboa  com  Agnas  de  Nasceute  e 
Agnas  de  Bio  (1867),  4to.  pbt.,  Lisboa. 

Section  des  Tbayauz  G^ologiqubs  du  Pobtugal. 
RiBBiBO,  Cablos.— Noticia  de  Algumas  Estaooes  e  Monumentos  Prebistoricos  (1878  &  1880), 
4to>  pbt.,  Lisboa. 

Section  des  Tbayauz  G^ologiqubs  du  Pobtugal. 
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RiBBiBO,  Cablo8.— Relatorio  aperca  da  sexta  reuniao  do  CongresBO  de  Anthropologia  e  de 
Archeologia  I'reMstorica  Veriticada  na  Uidade  de  BmzellaB  no  mez  de  Aeosto 
de  1872  (1873),  4to.  phi,  Liaboa. 

Section  dbs  Trjlvaux  G^ologiqubs  du  Pobtctoal. 
RuToT,  A.— Compte  Rendu  an  point  de  vue  paMontologique  de  L'Excursion  de  la  Soci^t^ 
Malacologique  de  Belf^que  aux  environs  de  Renaix  en  1879  (1880),  8vo.  pht., 
Bmxellee. 

.Mus^B  BoTAL  d'Hibt.  Nat.  db  Bblgiqub. 
RuTOT,  A. — Compte  Rendu  dee  Excursions  faites  en  commun  par  les  SociiStde  G^logiquen  et 
Malaoologiques  de  Belgique  aux  environs  de  Bruxellee,  5—7  Septembre  1880 
(1881),  8vo.  pht.,  Bruxellee. 

MusJlB  RoTAL  d'Hibt.  Nat.  db  BBLaiQUB. 
RuTOT,  A.— Compte  Rendu  d'une  course  dans  le  Quatemaire  de  la  Vallde  de  la  Somme  aux 
Environs  d' Abbeville  (1881),  8vo.  pM.,  Bruxelles. 

Mus^B  RoTAL  d'Hist.  Nat.  db  Bbloiqub. 
RuTOT,  A.— Compte  Rendu  pr^sent^  a  la  Socidt^  Malacologique  de  Belgique  de  L'Brcursion 
de  la  Soci^t^  Gdologique  de  France  dans  le  Boulonnais,  9—18  Septembre  1880 
(1881),  8vo.  pht.,  Bruxelles. 

MuB^B  RoTAL  d'Hist.  Nat.  db  Bblgiqub. 
RuTOT,  A.— Surla  position  stratigraphique  des  restes  de  Mammiferes  Terrestres  recueillis 
dans  les  couches  de  L'tioc&ne  de  Belgique  (1881),  8vo.  pht,  Bruxelles. 

MrsBB  RoTAL  d'Hist.  Nat.  db  Bblgiqtte. 
Tenant,  Prop. — Gems  and  Precious  Stones  (1852),  8vo.,  London. 
Watts,  Hbn BY.— Dictionary  of  Chemistry,  3rd  Supplement,  Vol.  VIII.,  Part  II.  (1881), 

8vo.,  LondoD. 
ZiGNO,  AcHiLLB  DB.— Flora  Fossilis  formationis  Oolithicsd,  Vol.  II,  No.  2  (1881),  4to., 

Padova. 

PERIODICALS,  SERIALS,  Ac. 

American  Journal  of  Science  and  Arts,  3rd  Series,  Vol,  XXI,  Nos.  126  and  127,  and  XXH, 
No.  128  (1881),  8vo,  New  Haven. 

Thb  Editobs. 
Annalen  der  Physik  und  Chemie.    New  Series,  BandXIII,  Nos.  6  to  8  (1881),  8vo,  Leipzig. 
Annales  des  Mines,  7th  Series,  Vol.  XIX,  livr.  1  and  2  (1881),  8vo,  Paris.      > 

L'Admiks.  DBS  Mebbs. 

Annales  des  Sciences  Naturelles,  6th  Series,  Botanique,  Vol.  X,  No.  6,  and  XI,  Nos.  1—2 : 

Zoologie  et  Pal^ntologie,  Vol.  XI,  No.  1  (1881),  8vo,  Paris. 
Annals  and  Magazine  of  Natural  History,  5th  Series,  Vol.  VIII,  Nos.  43—45  (1881),  8to, 

London. 
Atchiv  fiir  Naturgeschichte,  Jahrg.  XLVII,  heft  2  (1881),  8vo,  Berlin. 
Athenaum,  Nos.  2799—2810  (1881),  4to,  London. 

Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  V,  Nos.  5—8  (1881),  8vo,  Leipzig. 
Biblioth^ue  Universelle.  Archives  des  Sciences  Physiques  et  Naturelles,  3-me.  Periode,  Tome 

V,  Nos.  4r-6  (1881),  8vo,  Geneve. 
Biblioth^ue  Universelle  et  Revue  Suisse,  3-me.  Periode,  Tome  X,  Nos.  29  and  30,  and  XL 

No.  31  (1881),  8vo,  Lausanne. 
Botanisches  Centralblatt,  Baud  VI,  Nos.  10—13,  and  VII,  Nos.  1—8  (1881),  8vo,  Cassel. 
Chemical  News,  Vol.  XLIII,  Nos.  1125—1128.  and  XLIV,  Nos.  1129-1136  (1881),  4to, 

London. 
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Colliery  Gaardian,  Vol.  XLI,  Nob.  1068— 1U69,  and  XLII,  N03.  107(»— 1079  (1881),  foL, 

London. 
Das  Ansknd,  Jahrg.  LTV,  N08. 23—35  (1881)t  4to,  Stattgart 

G^eological  Magazine,  New  Series,  Decade  II,  Vol  YIII,  Nos.  7—9  (1881),  8yo,  London. 
Iron,  Vol.  XVII,  Nos.  440—442,  and  XVIII,  Nos.  443-451  (1881),  foL,  London. 
Jomnal  de  Conch jliologie,  3rd  Series,  Vol.  XXI,  No.  1  (1881),  8vo,  Paris. 
Journal  of  Science,  3rd  Series,  Vol.  Ill,  Nos.  91—93  (1881),  8to,  London. 
Ijondon,  Edinburgh,  and  Dablin  Philosophical  Magazine  and  Journal  of  Science,  5th  Series, 

Vol.  XII,  Nob.  72—74  (1881),  8vo,  London. 
Mining  Joomal,  with  Supplement,  Vol.  LI,  Nos.  2390—2401  (1881).  foL,  London. 
Naturae  Novitates,  Nos.  11—16  (1881),  8vo,  Berlin. 
Natore,  Vol.  XXIV,  Nos.  607—618  (1881),  4to,  London. 
Keaes  Jahrhuch  fur  Mineralogie,  Geologic  und  Palffiontologie,  Jahrg.  1881,  Band  II,  heft 

1  and  2  (1881),  8to,  Stuttgart. 
Palseontographica,  Band  XXVUI,  Lief  1  (1881),  4to,  Cassel. 
Petermann's  Geographische  Mittheilungen,  Band  XXVIII,  Nos.  7—9  (1881),  4to,  Gotha. 

„  „  Supplement  No.  65  (1881),  4to,  Gotha. 

Pro&saional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  X,  No.  41  (1881),  8vo,  Boorkee. 

Thomasok  Collbgb  of  Civil  Enoinssbiivo. 
Qoazterlj  Journal  of  Microscopical  Science,  New  Series,  Vol.  XXI,  No.  83  (1881),  8vo, 

London. 
The  Zoological  Record  for  1879,  Vol.  XVI  (1881),  8vo,  London. 
Zeiteehrift  fur  die  Gesammtnn  Naturwissenschai'ten,  3rd  Series,  Band  V,  heft.  1—6  (1880), 

8vo,  Berlin. 

(GOVERNMENT  SELECTIONS,  &c. 

BsnoAL.— Oeneial  Rules  and  Circular  Orders  of  the  High  Court  of  Judicature  at  Fort 
William  in  Bengal,  Appellate  Side,  Civil  and  Criminal  (1881),  8vo,  Calcutta. 

Gk>VT.  OF  Bbngal. 

BoMBAT. — ^Magnetical  and  Meteorological  Observations  made  at  the  Government  Observa- 
tory, Bombay,  in  1871  to  1878  (1881),  4to,  Bombay. 

BoKBAT  Govt. 
^  Report  on  the  Administration  of  the  Meteorological  Department  of  Western 

India  for  1880-81  (1881),  fisc'Bumbay. 

MsTBOBOLooiCiX  Dbft.,  Wbstbbk  Ikdia. 

,9  Selections  from  the  Records  of  the  Bombay  Government.    New  Series,  No.  155 

(1881),  8vo,  Bombay. 

Bombay  Govt. 
IjrpiA. — ^Bbakdis,  D. — Review  on  the  Forest  Administration  in  the  several  provinces  under 
the  Government  of  India  for  the  year  1879-80  (1881),  flsc.,  Simla. 

F0BB8T  Dbpabtmbnt. 
„       BLAK70BD,  H.  F.— Report  on  the  Meteotology  of  India  in  1879   (1881),   4to, 
Calcutta. 

Mbtbobolooioal  Rbpobtbb  to  Govt,  of  India. 
„       Rasters  of  Original  ObBervations  in  1880,  reduced  and  corrected,  June  to  October 
1880  (1881),  4to,  Calcutta. 

Mbtbobolooical  Rbpobtbb  to  Govt,  of  Ikdia. 
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Titlei  of  Books,  Donon. 

India.— Calcutta  Univenity  Calendar  for  1881-82  (1881)>  Sro,  Caloatla* 

H.  B.  MBDUCOTf,  Esq, 
„       Calcutta  University  Minutes  for  the  year  1880-81,  Vol.  XXIV  (1881),  Sto,  Calcutta. 

H.  B.  Mbdlicott,  Esq. 

„  List  of  Officers  in  the  Survey  Departments  on  the  1st  July  1881  (1881),  flsc, 
Calcutta. 

Bbv.  &  AOBI.  DSPT. 

„  Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department, 
No.  176.  Beport  on  the  Political  Administration  of  the  Bajputana  States, 
1879-80  (1881),  fivo,  Calcutta. 

FoBEiQK  DnrAxrussT. 

Madbas. — Selections  from  the  Becords  of  the  Madraa  Qovernment,  2nd  Series,  Nos.  II  and 
III  (1856),  LXXni  (1862),  LXXIIl  (1863),  LXXIV  and  LXXV  (1863)  to 
LXXXIX  (1866);  New  Series  Nos.  XLIV  (1876),  and  LIII  (1876)  (1866-76), 
8vo,  Madras. 

MaDBAS  GoYBBKXBliT. 


TBANSACTIONS,  PBOCEEDINGS,  Ac,  OF  SOCIETIES,  SUBVEYS,  Ac. 

Bbblin.— Monatsbericht  der  Konig.  Preuss.  Akademie  der  Wissens.  zn  Berlin.  Febmaiy  to 
April  1881  (1881),  8vo,  Berlin. 

Thb  Agadixt. 

„        Zeitschrifl  der  Deuteohen  Geologischen  Gesellschafl,  Band  XXXIII,  heft  1  (1881) 
8vo,  Berlin. 

Thb  Societt. 

Bbistol. — Proceedings  of  the  Bristol  Naturalists'  Society,  New  Series,  Vol.  Ill,  pt.  2  (1881), 
8vo,  Bristol. 

Thb  Societt. 

Calcutta.— Asiatic  Besearches,  Parts  I  and  II  (1829  and  1833),  4to,  Calcutta. 

B.  'D.'OLDHJJf,  Esq. 

„  Journal  of  the  Asiatic  Society  of  Bengal.    New  Series,  Vol.  L,  Part  I,  No.  2, 

and  Part  II,  No.  2  (1881),  8vo,  Calcutta. 

Thb  SodBTT. 
„  Proceedings  of  the  Asiatic  Society  of  Bengal,  Nos.  V-VII  (1881),  8vo,  Calcutta, 

Thb  SoCiBTT. 

Memoirs  of  the  Geological  Survey  of  India,  Vol.  XVIII,  pts.  1  and  3  (1881), 
8vo,  Calcutta. 

Gbolooical  Sttbybt  of  India. 
Becords  of  the  Geological  Survey  of  India,  Vol.  XIV,  pt  3  (1881),  8vo,  Calcutta. 

Gbolooical  Subtet  of  Ikdia. 


„  Beports  of  the  Archseological  Survey  of  India,  Vols.  X  and  XI  (1880),  8vo., 

Calcutta. 

The  Subvbt. 

„  Betum  of  Wrecks  and  Casualties  in  Indian  Waters  for  1880,  together  with  a 

Chart  showing  the  positions  in  which  they  occurred  (1881),  flsc,  Calcutta. 

Mabikb  Subtet  Dbpabtmbkt. 
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TiUet  (f  Books,  DonoTM. 

Cambsidgs,  MA88.-«-Axmaal  Beports  of  the  Mnsenm  of  Comparatire  Zoology,  for  1859  to 

1863, 1867, 1872,  and  1877-78  (1861—1878),  8vo,  Cambridge,  Maes. 

Museum  of  Cohparatits  ZooLoaT. 

„  BoUetiD  of  the  Museum  of   Comparative   Zoology,  Vol.  Ill,  No.  8, 

•      (1873),  and  Vol.  VIU,  No.  10  (1881)  (1873  and  1881),  8vo,  Cam- 
bridge, Mass. 

MuSBUli  OF  COMPABATIYB  ZOOLOOT. 

„  Illustrated  Catalogue  of  the  Museum  of  Comparative  Zoology,  Nos.  5 

and  6  (1871  and  1872),  4to,  Cambridge,  Mass. 

Museum  of  Compabati^b  Zoology. 

Colombo.— Journal  of  the  Ceylon  Branch  of  the  Boyal  Asiatic  Society,  1867*70.    Part  II 

(1870),  8vo,  Colombo. 

G.  Nbyill,  Esq. 

CoPBVHAOBir. — Orersigt  over  det  Kong,  danske  Yidenskabemes  Selskabs  Forhandlinger 

og  dets  Medlemmers  Arbejder  i  Aaret  1880-1881.  1880,  No.  3,  and  1881, 
No.  1  (1880-81)  8vo,  Copenhagen^ 

Thb  Acadbmt. 

Di  JO  v.— M  ^moires  de  L'Acaddmie  des  Sciences,  Arts,  et  Belles-Lettres  de  Dijon,  Series  III, 
Vol.  VI  (1881),  8vo,  Dijon. 

Thb  Acapbmt. 

DuBUB. — Proceedings  of  the  Boyal  Irish  Academy,  Series  11,  Vol.  II.,  No.  2,  and  Vol.  Ill, 
Nos.  6  and  6  (1880  and  1881),  8vo,  Dublin. 

Thb  Acadbmt. 

M        Transactions  of  the  Boyal  Irish  Academy,  Vols.  XXVII,  No.  4,  and  XXVIII, 
Nos.  1—5  (1880  and  1881),  4to,  DubHn. 

Thb  Acadbmt. 

» 

Gbkbta. — M^moires  de  la  Soci^t^  de  Physique  et  D'Histoire  Naturelle,  Vol.  XXVII,    pt.  1 

(1880),  4to.,  Geneve. 

The  Sogibtt. 

« 
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Page  25,  line    2  from  bottom,  for  '  in  Chutia  Nagpur/  read  '  at  Maleri.* 
„    26,    „     7»  /or  '  lower/  r§ad  *  higher.' 
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liL    EePOBT    of    THB   G-EOLOGICAL    SUBYET  OF  InDIA  AND   OF  THB    GbOLOOIGAL 

MusETTM,  Calcutta,  fob  the  tear  1881. 

.y  Tlie  work  done  or  published  daring  the  past  year  involves  some  considerable 
J/^T'Siumges  in  the  mapping  and  grouping  of  Indian  rocks  as  hitherto  set  forth. 
^J^^Xhese  changes  are  duly  noticed  in  the  following  report. 

x^     After  dosing  his  work  in  the  Goddvari  region,  Mr.  King  took  up  as  yet 

SoFTRiBV  iHDiA-       uusurvcyed  country  in  Travancore.     The  neighbourhood 

7^  .*f^         TsATANooBB.  of  Quilou  has  for  many  years  been  known  through  the 

-Km^^.  observations  of   General  CuUen,  published  by  Dr.  Carter 

m  his  Summary  of  the  Geology  of  India  (1853),  as  having  yielded  a  limestone 
containing  eocene  fossils,  and  we  have  long  been  anxious  to  bring  this  rock  into 
<K>Diiection  with  other  tertiary  beds  of  uncertain  horizon  in  the  coastal  region 
of  the  peninsula.  In  this  we  have  been  disappointed  of  any  positive  result, 
heyond  the  fact  of  super-position,  for  Mr.  King's  most  diligent  search  failed  to 
bring  to  light  any  trace  of  General  Cullen's  limestone.  The  point  had  been 
independently  investigated  by  the  Public  Works  Department  in  searching  for 
lime,  but  with  the  same  negative  result.  General  Cullen's  statements  are,  how. 
^Ter,  too  circumstantial  to  be  called  in  question,  and  we  must  only  suppose  that 
fill  the  rock  available  at  the  outcrop,  which  was  at  the  very  base  of  the  cliff- 
section,  had  been  removed,  thus  favouring  the  concealment  of  the  bed.  The 
overlying  deposits  of  ferruginous  sandstone  and  clays  with  lignite  (or  rather 
fossil  wood)  Mr.  King  describes^  as  the  Warkilli  beds,  correlating  them  with 
the  Cuddalore  sandstone  of  the  Coromandel  Coast.  They  only  occur  for  a 
I  length  of  about  20  miles,  from  a  little  north  of  Quilon  to  Amjengo  on  the  south. 
At  the  particular  request  of  the  Travancore  Durbar,  Mr.  King  made  an 
examination  of  a  tract  of  gneissic  upland  in  which  auriferous  rocks  were  reported 

*  The  paper  will  be  published  in  the  BecordB  for  May  next. 
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to  occur.     The  outcrops  in  question  turned  out  to  be  bedded  qnartzite  and  not 
true  reef  rock  ;  there  seemed  to  be  no  prospect  of  a  fruitful  gold-field. 

The  publication  of  Mr.    King's  description  of  the   Pranhita-Godavari  area 

(Memoirs,  Vol.  XVIII,  pt.  3),  has  brought  to  a  crisis  some 
doubts  and  discrepancies  that  have  been  long  impending 
regarding  the  older  rocks  of  the  peninsula.  It  was  duly  pointed  out  in  the 
Manual  (pp.  3  and  55)  that  the  diyision  of  the  separated  rocks  of  transitional 
character  into  an  upper  and  a  lower  series  was  a  provisional  compromise,  until  j 
connected  surveys  should  declare  what  the  true  relations  might  be,  the  only  ^ 
inmiediate  test — the  relative  ages  of  the  gneissic  rocks  adjoining  each  area — ^not  i 
being  available.  In  the  same  connection  it  was  noted  (Z.  c,  p.  70)  that  the  *^ 
categorically  marked  separation  of  the  lower  Vindhyan  from  the  upper  transi-  ; 
tion  rocks,  as  then  constituted,  was  especially  arbitrary  and  precaHoaa.  As  a  ^ 
matter  of  course,  whatever  discrepancies  there  might  be  were  bound  to  come  into 
collision  in  the  then  little  known  middle  ground  in  the  Mahdnadi  and  Goddvan 
basins,  as  was  pointed  out  at  pages  75  and  76  of  the  Manual.  Mr.  Eang's  survej 
of  the  latter  area  seems  to  have  brought  observation  sufficiently  close  for  a 
settlement  of  the  main  question  at  issue.  In  his  statement  of  the  case  (I.  c, 
p.  73),  there  is  some  confusion  between  a  local  difficulty  and  the  principal  point 
of  classification.  In  the  Mahdnadi  basin,  and  again  on  the  Pemganga,  which 
belongs  to  the  Pranhita-Goddvari  basin,  there  was  a  difference  of  opinion  as  to 
the  relative  ages  of  the  shales  and  limestones  occupying  the  low  ground  and 
certain  quartzites  resting  on  the  gneiss  of  adjoining  uplands ;  and  this  minor 
question  remains  still  in  doubt.  When  the  Manual  was  published,  the  data  for 
the  general  question  had  not  got  clear  of  this  minor  one ;  but  now  Mr.  King 
has  extended  his  observations  to  the  shales  of  the  Pemganga  and,  for  the  first 
time,  the  major  question  is  clearly  at  issue.  These  shales  had  been  classed  as 
lower  Vindhyan.  Mr.  King  decides  that  they  are  Kadapah,  and  his  statement 
of  the  case  would  be  understood  to  imply  that  the  other  position  must  be  wrong. 
It  seems  to  me  that  the  simpler  and  truer  adjustment  is  to  accept  both  as  right. 
I  do  not  question  Mr.  King's  identification,  which  is  based  on  a  connected  survej 
from  the  Kadapah  field ;  but  I  see  no  reason  to  reject  the  independent  determin- 
ation of  the  Mahdnadi  and  Pemganga  beds  as  lower  Vindhyan  :  so  the  obvious 
reconciliation  is  to  conclude  that  the  Kadapahs  also  are  lower  Vindhyan.  There 
are  numerous  collateral  points  in  support  of  such  a  decision,  but  they  cannot  be 
detailed  here ;  and  the  further  questions  raised  by  it  are  not  seriously  in  the 
way— such  as,  whether  the  rock-groups  in  Southern  India  (the  Kamul  and 
Bhima  series),  hitherto  ranked  as  lower  Vindhyan,  must  now  be  classed  as  upper 
Vindhyan.  The  intelligent  student  of  the  Manual  will,  on  the  whole,  accept  this 
new  reading  as  a  relief. 

On  his  return  from  furlough,  Mr.  Foote  took  up  work  again  at  Madura,  and 
CoMOBiK :  made  a  traverse  thence  to  Cape  Comorin  along  the  jnno- 

Mr.  Foote,  tion  of  the  gneiss  and  the  coastal  alluvium.     The  forma- 

tions which,  to  the  north,  intervene  in  this  position  seem  to  be  almost  wholly 
wanting  here  to  near  Comorin,  where  representatives  of  the  Cuddalore  sandstone 
again  appear  and  seem  to  extend  some  little  way  westwards  towards  the  tertiaiy 
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deposits  of  TraTancore.  About  Comorin  there  were  also  observed  at  least  two 
banks  of  marine  beds,  one  of  tbem  at  abont  100  feet  over  present  sea  level ;  they 
consist  of  sands  with  caJeareons  induration,  and  are  full  of  marine  shells  of 
living  species.  Mr.  Foote  remarks  that  he  has  not  found  a  single  trappean 
intrusion  in  the  gneiss  south  of  Trichinopoly,  a  circumstance  in  strong  contrast 
with  the  profusion  of  eruptive  dykes  in  the  adjoining  gneiss  of  Salem  and  Arcot. 

As  mentioned  in  last  Annual  Report,  the  publication  of  the  Rdjputdna  work 
Rajput  AN  A.  had  to  be  postponed  until  some  doubts,  suggested  by  the 

Mr,  Racket,  most  recent  observations,  had  been  cleared  up.     This  was 

effected  during  the  past  season,  and  the  result  published  in  Mr.  Hacket's  paper 
in  the  last  number  of  the  Records  (Vol.  XIV,  part  4),  with  an  outline  map  of 
an  immense  stretch  of  country,  from  Delbi  to  Erinpura  and  Mandsaur.  The 
early  work  in  the  northern  part  of  this  ground  was  described  in  the  Records 
for  1877  (Vol.  X,  p.  84),  and  the  account  there  given  of  the  Arvali  rocks  is 
that  presented  in  the  Manual  (Chapter  II).  Already,  in  the  following  Annual 
Report  (February  1879,  Records,  Vol.  XII,  p.  5)  considerable  alterations  were 
necessitated  by  subsequent  field  work :  the  groups  of  distinguishable  deposits, 
all  more  or  less  metamorphic,  brought  together  under  the  title  Arvali  series, 
were  reduced  in  number  by  a  clearer  interpretation  of  the  sections,  and'  one  of 
the  lower  members  was  identified  with  some  rocks  outside  this  metamorphio 
area  and  previously  described  as  the  Gwalior  series,  resting  quite  undisturbed 
and  unaltered  on  the  gneiss  of  Bundelkhand.  The  interesting  fact  was  thus 
established  that  the  gneissic  metamorphism  of  the  Arvali  region  was  of 
immensely  later  date  than  that  of  other  portions  of  the  peninsular  area. 

A  similar  change  has  now  to  be  introduced  regarding  the  upper  member  of 
the  original  Arvali  series,  the  great  quartzite  deposits  of  the  Biana  and  Alwar 
hills,  and  of  Delhi,  which  Mr.  Hacket  now  proposes  to  distinguish  separately  as 
the  Delhi  series.  In  making  a  preliminary  traverse  of  the  country  northwards 
from  B4g  in  the  Narbada  valley,  in  1865-66  (Records,  Vol.  I,  p.  69),  I  came 
upon  certain  quartzite  sandstones  at  Mandsaur  with  underlying  shales,  very  little 
altered  or  disturbed,  and  both  most  nearly  resembling  the  familiar  upper 
Vindhyan  types;  and  they  have  since  passed  as  such  in  the  Manual  and 
its  map.  The  overlying  shales  and  limestone  well  seen  north  of  Nimach 
(Neemuch),  and  the  sandstone  of  Chitor  Hill  I  took  to  represent  the  Bdnrer 
(Bundair)  stage  of  the  upper 'Vindhyan  series.  Had  my  route  continued 
north-eastward  across  the  Vindhyan  plateau,  I  should  have  discovered  my 
mistake  by  finding  the  higher  upper  Vindhyan  stages  still  in  front  of  me ; 
bat  no  suspicion  of  error  was  suggested.  Mr.  Hacket's  continuous  survey 
from  the  north  has  satisfied  him  that  the  Chitor  rock  is  the  Kaimur  sand- 
stone, the  lowest  member  of  the  upper  Vindhyan  series ;  and  that  the  lime- 
stone  of  the  low  ground  to  the  west  is  the  lower  Vindhyan  (Rot^)  limestone. 
A.lthough  a  slight  unconformity  is  found  between  these  beds  and  the  Mandsaur 
sandstone,  it  is  scarcely  greater  in  appearance  than  may  be  found  between  the 
npper  Vindhyan  groups,  where  they  overlap  each  other  on  the  borders  of  their 
typical  area ;  and  so  the  Mandsaur  rock  might  have  been  provisionally  entered  as 
a  member  of  the  lower  Vindhyan  series,  but  for  a  further  discovery :  Mr.  Hacket 
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shows  good  ground  for  asserting  that  the  Mandsaar  sandstone  passes  northwards 
into  connexion  with  qnartzites  of  the  ArraH  area  that  ai«  more  or  less  oontinH- 
onsly  traceable  through  Eastern  B&jpnt&na  into  the  hills  of  Alwar  and  Delhi. 
This  fact  would  necessitate  a  prodigious  sig^ficance  for  the  nnconfomdty  west 
of  Nimach,  for  the  Delhi  series  has  partaken  fully  in  the  Arvali  disturbance; 
while  the  whole  Yindhjan  system  dates  from  an  age  when  the  Aryali  mountains 
had  already  undergone  great  denudation.  Geologists  will  appreciate  what  an 
interval  that  implies. 

CoUateraJ^facts  support  these  observations.  The  conspicuous  erosion-uncon- 
formity in  the  Gwalior  area  between  the  Yindhyans  and  the  GwaUor  rocks,  which 
represent  the  lower  (Arvali)  series,  conti*asts  appropriately  with  the  less  apparent 
unconformity  of  Yindhyans  on  the  Mandsaur  rock,  which  represents  the  higher 
(Delhi)  series  of  the  Arvali  region.  Further,  the  condition  of  the  Delhi  rocks 
at  Mandsaur  is  accounted  for  by  the  fact  that  to  the  west  of  them  there  occniB 
a  mass  of  gniess,  which  is  presumably  identifiable  with  that  of  Bundelkhand, 
whereby  they  were  protected  from  the  crushing  and  metamorphism  that  affected 
the  Arvali  region  proper. 

These  modifications  of  our  rock-grouping  have  a  further  significance  wiih 
reference  to  the  changes  already  noticed  in  connexion  with  the  Goddvari  region. 
Hitherto  the  Gwalior  rocks  have  been  provisionally  correlated  with  the  Eladapah 
series,  as  upper  transition.  The  Kadapah  rocks  having  now  been  brought  up  to  the 
lower  Yindhyan  horizon,  and  the  Gwalior  beds  pat  down  immeasurably  below 
that  horizon,  the  separation  of  the  two  is  very  great^  and  the  Gwalior  rocks 
must  take  approximate  rank  in  the  Survey  classification  with  the  Bij&wars,  their 
affinities  with  which  have  been  duly  noticed  before  (Manual,  p.  56)  ;  while  the 
Delhi  quartzites  become  the  highest  member  of  the  transition  series  as  now  dis- 
tinguished. 

There  is  one  more  change  in  the  Arvali  region  to  be  mentioned.  From  a 
small  and  very  local  occurrence  of  a  felsitic-rock  in  the  middle  of  the  range,  the 
trappean  rocks  described  by  Mr.  Blanford  as  the  Malani  group  had  been 
(Records,  XIII,  p.  4)  doubtfully  placed  by  Mr.  Hacket  in  the  Arvali  series.  His 
extended  examination  of  these  rocks  south  of  Jodhpur  has  shown  such  a  position 
to  be  untenable,  as  the  Maldni  beds  exhibit  very  little  disturbance,  and  rest 
upon  contorted  Arvali  strata.  According  to  this  relation,  their  apparent  horizon 
would  be  lower  Yindhyan, 

As  mentioned  in  last  Annual  Report,  some  simple  field  work  was  marked  ont 
for  Sub  Assistant  Kishen  Singh,  in  extension  of  Mr.  Hacket's  previous  work 
on  the  Yindhyan  rocks  in  the  Gwalior  territories.  From  his  maps  and  report 
there  seems  much  reason  to  be  satisfied  with  his  work  on  the  score  of  care  and 
industry,  for  it  is  impossible,  under  existing  circumstances,  as  I  have  often 
explained,  and  without  extravagant  waste  of  our  very  limited  power  of  qualified 
observers,  to  arrange  for  the  inspection  of  detached  work.  At  the  same  time 
there  is  ample  evidence  of  such  radical  defects  as  were  to  be  anticipated :  in  ^^ 
barren  accumulation  of  simple  details  of  stratification,  with  ambitious  but  weak 
attempts  at  speculation  upon  remote  theoretical  considerations  quite  beyond  the 
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scope  of  the  work  in  band,  and  that  can  only  be  profitably  undertaken  by  one 
wbo  has  IB  some  degree  mastered  the  subject ;  and  -witbal  there  was  a  con- 
spicuous failure  to  understand  the  obvious  condition — ^that  ordinary  geological 
maps  are  meant  to  represent  the  formation  next  below  the  soil.  Some  improve- 
ment may  be  expected  with  experience. 

Mr.  Hughes'  work  during  the  past  season  was  confined  to  the  coal  fields  on 

the   southern  outcrop   of    the   South  Bewah   basin.     A 
Gotowahjl!^  '  notice  of  results  was  published  in  the  Records  for  Nov- 

Mr.Sughes,  ember.     Although  the  prospects  of  coal  are  not  so  pro- 

mising as  may  have  been  hoped  for,  some  good  seams 
have  been  traced,  but  unfortunately  they  are  the  most  distant  from  any  exist- 
ing line  of  railway.  Since  taking  the  field  for  the  present  season,  Mr.  Hughes 
has  marked  sites  for  trial  borings  he  has  recommended  to  the  Bewah  Durbar,  in 
the  small  IJmria  field,  the  nearest  to  the  Jabalpur  railway. 

Sab- Assistant  Hira  LaJ  worked  with  Mr.  Hughes,  and  did  good  service  in 
hnntiug  up  coal  outcrops  and  main  boundaries. 

Dr.  Feistmantel  was  able  to  devote  a  few  weeks  during  the  field  season  to 
Dr  FeUtmaniel  ^^^*  some  of  the  coal-fields  in  the  Upper  Damuda  valley. 

He  has  made  considerable  additions  to  our  collection  of 
fossils  from  that  ground,  many  from  new  localities.  It  becomes  more  and  more 
evident  that  in  the  central  basins  of  the  Gondwdna  system,  the  possibility  of 
discriminating  horizons  in  the  masses  of  homogeneous  deposits  there  prevailiog 
will  depend  almost  entirely  upon  the  scanty  fossil  evidence ;  so  it  is  more  than 
eyer  important  to  obtain  a  closer  knowledge  of  the  distribution  of  the  flora  in 
ground  where  the  stratigraphical  sequence  is  otherwise  discernible. 

Mr.  Bose  has  submitted  a  very  promising  progress  report  of  his  season's  work 
^  on  the  cretaceous  rocks  of  the  Narbada  valley,  generally 

Cbbtacbous  :  known  as  the  Big  beds.     They  are  remarkable  as  being 

Mr,  Bow.  the  only  f ossilif erous  marine  deposits  beyond  (inside)   the 

coastal  region  of  the  peninsula.  An  excellent  preliminary 
sketch  of  these  rocks  was  given  in  1869  (Mem.,  Vol.  VI.,  pt.  3)  by  Mr. 
W.  T.  Blanford  in  his  general  description  of  the  T&pti  and  Narbada  valleys, 
with  a  map  on  a  very  small  scale  ;  wherein  the  whole  are  grouped  from  the  small 
fossil  evidence  then  existing  as  of  middle  cretaceous  (cenomanian)  age,  on  about 
the  horizon  of  the  IJtattir  beds  of  Southern  India,  and  as  probably,  in  part»  repre- 
senting the  freshwater  infra-trappean  (Lameta)  beds  of  more  midland  districts. 
^Ir.  Bose  proposes  to  give  an  immensely  extended  range  to  the  series :  besides 
finding  the  Lameta  beds  distinctively  in  the  marine  area,  he  gets  fossil  evidence 
to  suggest  that  the  three  limestones  of  Mr.  Blanford's  classification  (Manual, 
p.  294),  may  represent  the  divisions  of  the  cretaceous  series  of  Southern  India 
and  that  the  underlying  sandstone  may  be  lower  cretaceous  (neocomian).  If 
these  conjectures  should  be  established,  a  considerable  lift  will  be  given  to  the 
presumed  age  of  the  Deccan  traps.  Under  these  circumstances  Mr.  Bose  has 
judiciously  deferred  giving  any  publication  of  his  work  until  he  can  present  it 
with  more  confidence  in  his  results. 
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Mr.  Fedden  resatned  his  survey  of   Kattjwar  where  he  had  left  ofp  in  1879, 

IT      ^^^  mapped  a  large  additional   area.     Deocan  trap  is  the 

2£r  Fedden  greatly    prevailing  rock.      A   small   area   of  the  newer 

tertiary  heds  on  the  east  coast  was  examined,  and  some 
patches  of  Jurassic  (Umia)  beds  on  the  north ;  but  nothing  of  importance  was 
noted. 

During  the  past  field  season   Mr.  Lydekker  rounded  off  .the  western  limits 
Himalaya  J  of  his  work  in  the   Kashmir  territories,    in  the  lower 

Kashmib:  Kishanganga  valley,   joining   his  lines     with     those  of 

Mr.  Lydekker,  ^p,     Wynne     in     Hazdra.      These     observations    have 

removed  whatever  nominal  doubt  remained  upon  a  small  point  of  geographical 
interest.  Certain  geographers  have  insisted  upon  classing  some  of  the  great 
trans-Indus  peaks  with  the  Himalayan  range  proper.  The  intrinsic  objections 
to  this  arrangement  have  been  duly  pointed  out  by  the  Geological  Survey,  and 
they  are  now  fully  ratified  by  Mr.  Lydekker's  work,  showing  that  the  Pir  Panjal 
and  Zanskar  axes,  which  are  the  attenuated  extensions  of  the  great  snowy  range, 
become  whoUy  extinct  on  either  side  of  the  west  end  of  the  Kashmir  valley.  As 
part  of  this  feature,  a  considerable  extension  of  the  tertiary  rocks  of  the  sub- 
Himalayan  area  has  been  traced  out :  in  our  maps  hitherto  published  the  deep 
northern  prolongation  of  this  area  up  the  valley  of  the  Jhelam  between  the  two 
confluent  systems  of  disturbance  has  been  stopped  at  Musafirabad,  near  the 
junction  of  the  Kishanganga  with  the  Jhelum ;  Mr.  Lydekker  has  now  mapped 
a  deep  recess  of  these  rocks  reaching  20  miles  further  north.  In  this  con- 
nexion  Mr.  Lydekker  makes  some  inferences  regarding  an  extensive  pre-eooene 
Himalyan  elevation  :  it  is  a  conclusion  that  has  some  time  since  been  very  expli- 
citly enunciated  upon  good  evidence  (Manual,  Part  II,  pp.  669,  680),  yet  in  very 
recent  sketches  of  the  great  east-west  Asiatic  mountain  system,  of  which  the 
Himalaya  is  the  most  conspicuous  member,  we  find  it  asserted  that  the  upheaval 
commenced  in  the  oligocene  epoch,  as  has  apparently  been  made  out  for  the 
European  extension  of  that  great  system  of  disturbance. 

Mr.  Oldham  spent  a  profitable  season  in  the  Simla  region.     A  good  part  of 

the  time  was  of  course  expended  in  making  acquaintance 

Hikalaya;  with  the  characters  and  creneral  features  of  the  rocks  as 

Simla  bboioh:  ~ 

M    Oldham  hitherto  set  forth,  regarding  which  he  has  made  some 

important  observations  and  conjectures.     On  the  Giri  he 

has  observed  some  clear  cases  of  intrusion  of  the  syenitic  trap  into  the  middle 

tertiary  sandstones  at  their  junction  with  the  older  rocks.     To  the  west  of  old 

Sirmur  he  notices  distinct  evidence  of  an  actual  creep  now  in  progress  along  this 

boundary  fault,  as  shown  by  a  continuous  line  of  depression  to  the  south  across 

the  spurs  and  gullies  running  northvrards  into  the  Qiri.     Well  within  the  Lower 

Himalayan  area  Mr.  Oldham  describes  some  masses  of  rock,  as  the  red  slates  «id 

quartzites  of  the  Chakrdta  ridge  and  the  purple  and  red  shales,  with  pebbles 

derived  from  a  neighbouring  limestone,  in  the  Maura  forest  north  of  the  £[aram- 

bar  peak  which  he  conjectures  may  be  of  lower  tertiary  (Sirmur)  age.     The 

verification  of  this  suggestion  is  a  point  of  g^eat  interest  in  the  discussion  of 

Himalayan  history ;  the  non-occurrence  of  the  nummulitio  (Subathu)  band  at 
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the  base  of  these  supposed  outliers  would  at  least  show  that  there  was  great  over- 
lap towards  the  mountain  axis,  as  already  observed  at  Subdthu  (Manual,  pp.  533, 
569).  Among  the  Lower  Himalayan  rocks  themselves,  Mr.  Oldham  considers 
that  there  is  a  clear  case  in  Deoban  mountain  of  a  great  unconformity  of  the 
£jx)l  limestone  with  the  subjacent  rocks.  The  obvious  doubt  in  such  sections 
is  the  risk  of  the  results  of  extreme  contortion  with  oveivfolding  and  sliding 
being  taken  for  original  relations  of  the  masses.  An  observer  unaccustomed  to 
the  study  of  '  true  mountains '  might  well  be  excused  for  such  mistakes ;  and  the 
detection  of  them  without  fossil  evidence  would  often  be  impossible.  Any  one 
wishing  initiation  to  these  mysteries  should  study  Professor  Heim's  "  IJnter- 
snchnngen  iiber  den  Mechanismus  der  G-ebirgsbildung,"  an  inspection  of  Plate  YII 
of  which  work  will  suffice  to  reniove  any  scruples  as  to  the  capabilities  of  the 
folded  flexure  in  mountain  structure. 

It  has  been  with  much  regret  that  I  have  interrupted  Mr.  Oldham's  work 
after  so  promising  a  beginning ;  bat  an  opportunity  occurred  of  sending  a  geolo- 
gist with  the  party  proceeding  to  demarcate  the  Manipur-Burma  frontier,  and 
I  could  not  miss  so  rare  a  chance  of  exploring  an  unknown  region.  Mr.  Oldham 
Tolunteered  for  the  expedition ;  and  there  being  no  other  officer  available  at  the 
time,  I  was  glad  to  conmiission  so  trustworthy  an  observer. 

After  his  service  in  South  Afghanistan  Mr.  Oriesbach  returned  in  April  last 

to  the  work  he  had  begun  in  the  summer  of  1879  in  the 
'SxiiKLLYki  high  Himalaya  of  Kumaun,  of  which  a  sketch  was  given 

M    Grtesh    h  ^  ^^^'  ^^^^y  P*'  ^  of  the  Records.     He  has  now  com- 

pleted the  survey  of  that  ground  up  to  the  Nepdl  frontier. 
The  same  great  sequence  of  sedimentary  rocks  has  been  traced  throughout,  only 
greatly  more  disturbed  than  in  the  Niti  section.  This  may  be  simply  the  ap- 
proach to  a  middle  region  of  maximum  Himalayan  disturbance,  or  it  may  indi- 
cate the  proximity  of  a  block  of  ciystalline  rock  such  as  to  the  north-west  breaks 
the  continuity  between  the  ellipsoidal  basins  of  the  fossilif erous  series.  Mr.  Gries- 
bach  was  again  prevented  by  the  vigilance  of  the  Chinese  frontier  guards  from 
making  any  way  into  Hu;ndes ;  in  this  attempt  he  also  experienced  much  ob- 
straction  and  even  personal  violence  from  the  people  within  the  British  border,  who 
aeem  far  more  under  the  control  of  the  Tibetan  officials  than  of  our  own  officers 
at  Almora.  For  both  these  reasons  he  could  not  this  year  get  within  reach  of 
any  beds  higher  than  the  Spiti  shales  (Oolitic),  some  remnants  of  which  were 
found  folded  in  the  flexures  of  the  older  formations.  The  natural  completion  of 
this  piece  of  work  will  be  its  extension  up  to  the  gorge  of  the  Sutlej,  where  the 
gneissic  mass  of  Purgial  cuts  off,  at  least  in  great  part,  the  continuity  of  the  fossil- 
iferous  rocks,  dividing  the  basin  of  Hundes  from  that  of  Spiti  and  Zanskdr. 
This,  it  is  hoped,  can  be  accomplished  next  season,  meanwhile  arrangements  are 
being  made  to  reproduce  effectively  the  admirable  profile  views  which  Mr.  Gries- 
bach's  artistic  skill  has  enabled  him  to  figure  of  the  grand  sections  displayed  in 
these  stupendous  mountains. 

In  the  lower  hills  Mr.  Griesbach  has  confirmed  an  interesting  observation, 
loade  more  than  30  years  ago  by  General  Richard  Strachey,  of  the  irruption  of 
the  trappean  rock  of  the  Lower  Himalaya,  so  extensively  exhibited  to  the  east 


8  Records  of  the  Oeologieal  Survey  of  India.  [vol.  xy. 

of  Naini  Tdl,  into  the  tertiary  sab-Himalajan  sandstone  on  the  Gola  riyer,  and 
its  conversion  thereby  into  a  granite.  It  wae,  indeed,  only  provisionally  that  any 
hesitation  was  admitted  regarding  an  observation  by  so  competent  a  witness; 
but  the  remarkable  absence  of  igneous  rocks,  whether  intrusive  or  eruptive,  in 
the  sub-Himalayan  zone  throughout  an  immense  sketch  of  country,  even  in  tlie 
immediate  vicinity  of  their  extensive  exhibition  in  contiguous  rocks,  as  on  the 
Bids  and  the  Sutlej,  could  not  but  suggest  doubt  regarding  an  isolated  instance, 
and  this  although  upon  general  reasoning  it  was  apparent  that  the  trap  of  &e 
Lower  Himalaya  was  of  tertiary  age  (Manual  II,  p.  607).  Mr.  Theobald,  more- 
over, had  mapped  the  tertiary  boundary  at  the  Gola  river  without  detecting  any 
eruptive  contact.  Mr.  Griesbach,  however,  declares  that  the  facts  are  as  des- 
cribed by  General  Strachey.  In  this  connexion  Mr.  Ghriesbach  is  disposed  to 
maintain  that  some  altered  sandstones  about  Bhim-tal,  inside  the  sub-Himalayan 
zone,  are  of  the  same  age  as  the  rocks  outside  the  main  boundary  on  the  Gt)]a. 
This  is  not  quite  equivalent  to  the  observation  I'ecorded  by  Mr.  Oldham  in  the 
Simla  region,  where  the  lowest  tertiary  sandstones  are  at  hand.  It  is  not  yet 
proven  that  the  lower  tertiary  beds  are  represented  in  the  sub-Himalayan  zone  of 
Kumaun. 

At  the  request  of  the  Government  of  Bengal  to  have  an  opinion  upon  a  newly 

opened  copper  locality   in  the   Darjeeling   district^  Mr. 

'  *      Mallet  was  deputed  to  examine  it.    He  found  it  to  occnr 

in  the  same  beds  and  in  the  same  manner  as  the  ores  previously  described  in  his 

'  report  on  the  geology  of  the  district  (Mem.,  Yol.  XI,  pt.  1).     The  deposit  is  no 

richer  than  in  some  of  the  old  mines. 

On  the  report  that  serviceable  blocks  of  coal  had  been  obtained  from  a 
seam  near  Tindhdria  station  on  the  Darjeeling  tram  railway,  I  visited  the  place 
to  satisfy  myself  upon  a  question  of  so  much  importance.  I  found  the  Beam 
to  be  one  of  those  marked  on  Mr.  Mallet's  map,  and  the  whole  condition  of  the 
case  to  be  exactly  as  described  by  him  in  the  report  just  quoted.  These  were, 
no  doubt,  originally  strong  seams  of  good  coal ;  but,  owing  to  the  compression 
undergone  during  the  upheaval  of  the  Himalaya,  the  coal  and  its  measures  have 
been  so  shattered  that  the  question  of  profitable  extraction  is  a  very  precarioos 
one.  There  is,  I  consider,  very  Httle  hope  of  finding  coal  in  a  directly  service- 
able state  anywhere  in  these  measures ;  so  that  complete  arrangements  for  the 
conversion  of  the  dust  coal  into  bricks  must  be  a  preliminary  condition  of  the 
experiment.  Then  as  to  the  mining :  there  is,  I  believe,  a  sufficient  quantify 
of  the  coal  in  the  ground,  and  although  no  doubt  often  squeezed  out  and 
slipped,  it  would  not  be  very  difficult  of  extraction  but  for  the  shattered  condi- 
tion of  the  surrounding  rocks.  These  are  not,  like  the  older  rocks  of  the  higher 
mountains  in  which  the  copper  occurs,  consolidated  by  crystalline  metamorphism, 
but  are  still  in  the  slaty  state  and  shivered  to  splinters  to  the  very  core,  so  that 
every  foot  of  drift  or  gallery  would  have  to  be  protected  in  the  most  soUd,  and 
of  course  costly,  manner  by  posts  and  boarding.  This  was  the  experience 
gained  by  the  short  trial  drift  made  on  the  outcrop  south-west  of  Tindhina 
(see  Records,  Vol.  X.,  pt.  3). 
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In  December  1880  I  applied  for  official  sanction  to  attend  the  international 

congress  of  geologists  to  be  held  at  Bologna  in  Septem- 
Tm  BoLoair^  Cos-  l^er  1880  ;  formal  permission  was  received  in  May  1881. 
^*'^**  To  my  great  disappointment,     as  the  time  drew  near, 

''      '  the  nnexpected    delay    of  work  that  could  not  be  left 

in  other  hands  made  it  impossible  for  me  to  avail  myself  of  this  permission,  so  I 
requested  that  Mr.  W.  T.  Blanford,  who  was  then  on  leave  in  Europe,  might  be 
deputed  in  my  stead,  and  this  was  granted.  Mr.  Blanford's  report  of  what  was 
effected  at  the  congress  is  published  in  the  current  number  of  the  Becords ;  it  is 
a  much  more  complete  account  than  any  1  have  yet  seen  in  print.  Where  a  de- 
finite result  was  possible — in  the  simpler  matter  of  nomenclature — ^we  may 
perhaps  be  satisfied  with  what  was  accomplished,  though  it  certainly  is  not 
what  would  have  been  arrived  at  by  a  plebiscite,  or  a  fairly  representative 
assembly,  of  geologists.  At  least  one  stilE-necked  nation  seems  to  have  declined 
co-operation,  or  to  have  held  to  its  own,  for  which  it  will  no  doubt  pay  the 
natural  penally  of  isolation ;  but  we  may  hope  that  the  English-speaking  peoples 
will  adopt  the  suggestions  agreed  to,  even  though  it  may  involve  a  temporary 
wrenching  of  the  vernacular  sense  of  current  terms ;  the  advantage  of  uniformity 
of  speech  will  well  repay  the  struggle. 

It  would  be  hard  to  complain  of  failure  where  success  was  impossible,  as  is 
pretty  much  the  case  with  a  proposal  to  fix  an  universal  scale  of  colours  as  assigned 
to  any  existing  scale  of  systems.  Stratified  rocks  will  everywhere  be  naturally 
divisible  into  systems,  series,  stages,  and  strata ;  but  these  carmot  correspond  in 
different  great  sections  of  the  ^earth.  It  would  be  as  reasonable  to  attempt  to 
unify  the  periods  of  Chinese,  Egyptian,  and  Peruvian  history  as  to  unify  the 
geological  histories  of  the  three  great  continents.  Some  general  principles  of 
approximation  might  indeed  be  suggested  for  guidance,  and  such  an  attempt  was 
to  have  been  expected  from  a  nominally  universal  congress.  This  was  verbally 
implied  in  the  programme  laid  down  for  Bologna ;  and,  in  view  of  it,  I  submitted 
a  test  case  (Becords,  XIY,  4)  for  the  consideration  of  that  congress,  as  being 
the  main  difficulty  from  the  Indian  point  of  view.  The  congress  did  not,  how- 
ever, get  within  sight  of  this  question,  but  lapsed  into  the  discussion  of  a  scale 
of  colours  for  the  scale  of  European  systems.  It  is  no  doubt  most  easy  to 
account  for  this  event,  subjectively  and  objectively :  it  is  a  truly  vexatious  result 
o£  nationality  that  the  maps  of  adjacent  patches  of  the  western  promontory  of 
Asia  should  have  rocks  of  the  same  age  represented  under  contrasting  colours. 
The  adjustment  of  this  local  barbarism  seems  to  be  the  necessary  preliminary  of 
approach  to  the  wider  question,  so  we  must  fain  be  content  with  this  proposal 
for  the  present. 

Mining  Becords, — A  fair  start  has  been  made  in  the  preliminary  system  of 
collecting  mining  records,  as  announced  in  the  last  annual  report.  Fifty-three 
plans  of  coal  mines  in  Bengal  have  been  received  from  the  following  owners  (in 
order  of  date):  Messrs.  Apcar,  12;  Equitable  Goal  Company,  2;  East  India 
Railway  Company,  6 ;  Bengal  Coal  Company,  11 ;  New  Beerbhoom  Coal  Copi* 
pany,  5 ;  Burrakar  Coal  Company,  1 ;  thirteen  different  native  proprietors,  16. 

FvhliccUioni, — The  most  generally  useful  publication  during  the  year  was 
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the  3rd  volume,  or  part,  of  the  Manual,  relating  to  economio  geologj,  hj 
Mr.  Y.  Ball.  It  gives  a  complete  classified  summary  of  all  information  collected 
by  the  Survey,  or  independently  published,  regarding  the  distribution  of  usefol 
minerals  in  India.  The  area  is  so  large  that  details  of  any  particular  locality 
had  to  be  greatly  curtailed,  but  careful  reference  is  given  to  the  original 
authorities. 

Three  parts,  forming  Volume  XYIII,  of  the  Memoirs,  were  issued  during 
the  year.  The  first  is  Mr.  Griesbach's  description  with  numerous  illustrationfl 
of  the  section  between  India  and  GKrishk,  in  Southern  Afghanistan.  Part  2  is 
a  description  of  a  large  area  in  Mdnbhum  and  Singhbhum,  by  Mr.  Ball,  bom  a 
survey  he  made  several  years  ago.  The  third  part  is  Mr.  King's  Memoir  on  the 
Gondwdna  basin  of  the  lower  Godiyari.  This  is  an  important  district^  as 
possibly  containing  a  considerable  supply  of  coal  and  the  oxily  one  within 
comparatively  easy  reach  of  Southern  India.  From  this  point  of  view  the 
geological  indications  are  not  so  detailed  as  would  be  desirable :  it  is  a  very  wild 
country,  and  for  large  parts  of  it  maps  on  an  adequate  scale  for  cdose  work 
were  not  available ;  the  rocks  are,  moreover,  very  un&vourably  disposed  for 
observation,  the  most  important  ground,  where  the  coal  measures  or  the  strata 
next  them  might  be  exposed,  being  very  extensively  ooyered  by  superficial 
deposits. 

The  Volume  (XIV)  of  Eecords  for  the  year  is  the  fullest  yet  published, 
containing  28  papers  of  varied  interest  relating  to  the  Geology  of  Indits  with 
numerous  maps  and  plates. 

Of  the  Palasontologia  Indica  three  parts  appeared  during  the  year.  Dr.  Feisi- 
mantel  issued  two. parts  (86  pages  of  text  and  35  plates),  oompletiBg  the  'Flora 
of  the  Gondw^na  System,'  in  three  volumes.  It  is  most  satisfactoiy  to  have 
this  complete  foundation  laid  for  the  study  of  this  series  of  fossils,  representiDg 
the  most  important  rock  system  of  peninsular  India.  There  is  now  a  safe 
guide  at  hand  for  exploring  any  horizon  in  these  deposits ;  that  we  have  still 
much  to  learn  regarding  the  Gondwana  flora  will,  however,  be  readily  understood 
when  we  recollect  that  the  detailed  survey  of  the  two  principal  central  besiDS  has 
only  begun.  In  the  concluding  remarks  of  his  3rd  volume.  Dr.  Feistmantel 
seems  to  have  worked  out  a  satisfactory  reconciliatioii  of  the  diverse  opiniona 
regarding  the  correlation  of  the  plant-bearing  series  of  India  and  Australia. 

The  third  part  of  Dr.  Waagen's  work  on  the  fossils  of  the  Salt-range,  contain- 
ing the  Pelecypoda  of  the  Productus-limestone  series,  was  issued  during  the  year. 
This  is  the  first  marine  fauna  of  the  older  formations  in  this  part  of  the  world 
that  has  been  worked  out  from  anything  like  adequate  materials ;  and  as  the 
work  advances  it  becomes  more  and  more  apparent  how  difficult  it  will  be  to 
place  it  in  any  one  of  the  would-be  standard  periods. 

Museum. — In  every  branch  of  the  museum  due  progress  has  been  made  in 
arrangement  and  the  addition  of  new  specimens.  Dr.  Feistmantel  issued  a 
'  Popular  Guide '  to  the  general  palseontological  collections,  uniform  with  those 
alrofidy  published.  The  numerous  series  of  useful  mineral  substances  and  their 
products  mentioned  in  last  year's  report  have  been  laid  out  by  Mr.  Mallet>  and 
make  a  very  instructive  exhibition. 
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Library. — One  thousand  six  hundred  and  seyenty-two  voltunes,  or  parts  of 
Tolames,  have  been  received  daring  the  year ;  970  by  donation  or  exchange  and 
702  by  purchase.     A  catalogue  is  nearly  ready  for  publication. 

PerMmneL— Mr.  Blanford  returned  to  duty  in  England  on  the  22nd  of  August 
in  connection  with  the  Bologna  Congress,  and  arrived  in  India  on  the  25th  of 
October.  He  has  taken  up  work  on  the  north-west  frontier  in  extension  of  his 
former  work  in  Sind.  Mr.  Theobald  went  on  furlough  in  March,  and  has  since 
taken  his  pension  after  a  service  of  32  years.  In  so  long  a  period  he  has  of  course 
done  work  in  many  parts  of  India;  the  report  on  Pegu  is  his  principal  contri- 
bution to  the  Survey  Memoirs.  As  an  enthusiastic  naturalist,  Mr.  Theobald 
made  good  use  of  his  opportunities ;  especially  in  the  branches  of  land  and 
fresh- water  shells,  and  the  B^tilta,  he  has  left  his  mark  in  the  unnals  of  Indian 
zoology.  He  takes  with  him  the  hearty  good  wishes  of  all  his  colleagues  on 
the  Survey.  Mr.  King  went  on  furlough  on  the  10th  of  May.  Mr.  Wynne 
has  been  absent  for  the  whole  year,  having  had  to  get  an  extension  of  his  sick- 
leave.  Mr.  Mallet  was  absent  on  privilege  leave  from  10th  to  28th  of  October. 
Mr.  Ball  left  India  on  the  14fth  of  October,  having  retired  from  the  service. 
Although  still  in  sound  health,  he  was  reluctantly  compelled  to  take  this  step 
on  account  of  a  local  weakness  that  disabled  him  from  following  any  longer  the 
hard  pedestrian  labours  of  field  geology.  He  has,  however,  reaped  a  fair 
reward  for  the  good  work  he  has  done  in  India,  having  had  the  honour  of 
being  elected  to  the  Chair  of  G^eology  at  Trinity  College,  Dublin,  in  succession 
to  so  distinguished  a  Professor  as  the  Revd.  Samuel  Haughton.  Mr.  Oriesbach 
went  on  privilege  lefkve  on  the  2ilst  December.  Mr.  Thomas  Henry  Digues  La 
Touohe,  B.A.  (Cantab),  was  appointed  to  the  Survey  by  the  Secretary  of  State 
in  the  room  of  Mr.  Theobald,  and  joined  his  appointment  in  India  on  the  29th 
of  November.  I  had  intended  him  to  have  taken  up  work  on  the  Deccan  trap 
in  the  Konkan,  but  an  urgent  demand  having  arisen  for  particular  information 
regarding  coal  with  reference  to  a  proposed  railway  to  Assam  through  the  Q&ro 
Hills,  Mr.  La  Touche  has  been  .sent  to  complete  the  survey  of  the  cretaceous 
coal-fields  in  the  valley  of  the  Sumesari. 

H.  B.  MEDLICOTT, 
Superintendefdy  Geological  Survey  of  India, 

Calcutta, 
The  ^th  of  January  1882. 


Lis^  of  Societies  and  other  Insiitutioits  from  which  PubUcaiions  have  been  received 
indonaiiony  or  exchange,  for  the  Library  of  the  Geological  Survey  of  Lhdia, 
during  the  yea/r  1881. 

Albaht. — New  York  State  Museum. 
Amstbsoam. — Netherlands  Colonial  Department. 
Batavia. — ^Batavian  Society  of  Arts  and  Sciences. 

„  Royal  Natural  History  Society,  Netherlands. 

BxLFAST.— NatunJ  Histoxy  Society. 
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Berlin. — Oerman  Oeologic&l  Society. 

„  Royal  Prussian  Academy  of  Sciences. 

BoLOGHA.-^ Academy  of  Sciences. 

Geological  and  PalsBontological  Institute. 
International  Geological  Cong^ress. 
BoMBAT.<^Bombay  Brancli  Boyal  Asiatic  Society. 

„  Meteorological  Department^  Western  India. 

Boston. — American  Academy  of  Arts  and  Sciences. 

jf  Society  of  Natural  History. 

Breslau. — Silesian  Society  of  Natural  History. 
Bristol.— Bristol  Museum. 
9,  NaturaHsts'  Society. 

Brussels. — Geographical  Society  of  Belgium. 
,,  G^logical  Survey  of  Belgium. 

Royal  Academy  of  Sciences. 
Royal  Museum  of  Natural  History  of  Belgium. 
Budapest. — Geological  Institute^  Hungary. 
Buffalo.— Society  of  Natural  Sciences. 
CALCUTTA.*-Agricultural  and  Horticultural  Society, 
,y  Asiatic  Society  of  Bengal. 

„  Marine  Survey, 

y,  Meteorological  Department. 

„  Survey  of  India. 

CAHBRiDaE,  Mass. — ^Museum  of  Comparative  Zoology. 

Christiana. — ^Editorial  Committee,  Norwegian   North  Atlantic 

dition. 
Copenhagen. — ^Royal  Danish  Academy. 
Dijon. — Academy  of  Sciences. 
Dresden. — ^Isis  Society. 
Dublin. — Royal  Geological  Society  of  Ireland. 
f,  Royal  Irish  Academy. 

Edinburgh. — Royal  Scottish  Society. 

Geneva. — Physical  and  Natural  History  Society. 
Glasgow. — Philosophical  Society. 
GoTTiNGEN. — Royal  Society  of  Gottingen. 

Halle. — ^Imp.  Leop.  Carol.  German  Academy. 
„  Natural  History  Society. 

Lausaunb.— Yandois  Society  of  Natural  Science.    . 
Liege.-— Geological  Socieiy  of  Belgium. 
Lisbon. — Geographical  Society. 

„  Geological  Department,  Portugal. 

Liverpool.-— Geological  Society. 

„  Literary  and  Philosophical  Society  of  Liverpool. 

London. — Geological  Society. 

,f  Iron  and  Steel  Institute. 

f,  Linnean  Society. 
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London. — Royal  Asiatic  Society. 

Boyal  Geographical  Society. 
Royal  Institate  of  Great  Britain. 
Royal  Society. 
Society  of  Arts. 
Zoological  Socieiy. 
Ltoks. — ^Mnfienm  of  Natural  Sciences. 
Madrid. — Geographical  Socieiy. 
Manchesteb.^— Geological  Society. 

„  Literary  and  Philosophical  Society. 

Manchbstbb. — Scientific  Stndents'  Association. 
Mblboubkb. — ^Mining  Department^  Victoria. 
„  Royal  Society  of  Victoria. 

Milan. — ^Italian  Society  of  Natural  Sciences. 
MoNTBEAL. — Geological  Survey  of  Canada. 
Moscow. — ^Imperial  Society  of  Naturalists. 
Munich. — Royal  Bavarian  Academy  of  Sciences. 
Nbuchatbl. — Society  of  Natural  Sciences. 
New  Haven. — Editors  of  the  American  Journal  of  Science. 
Nbw  Yobe. — ^American  Meteorological  Society. 
New  Zealand. — Colonial  Museum  and  Geological  Survey. 
Pabis. — Geological  Society  of  France. 
„        Mining  Department. 
„        Zoological  Society  of  France. 
Penzance. — Royal  Geological  Society  of  Cornwall. 
Philadblphia. — ^Academy  of  Natural  Sciences. 
„  American  Philosophical  Society. 

„  Franklin  Institute. 

„  Zoological  Socieiy. 

Pisa. — Society  of  Natural  Sciences,  Tuscany* 
Bio  db  Janbibo. — School  of  Mines. 

Rome. — Royal  Geological  Commission  of  Italy. 
y.        Royal  Academy. 
RooBEEB. — Thomason  College  of  Civil  Engineering. 
Saint  Petebsbubq.— Imperial  Academy  of  Sciences. 
Salem,  Mass. — Essex  Institute. 

„  Peahody  Academy. 

SiNOAPOBE. — Straits  Branch  Royal  Asiatic  Society. 
Stockholm. — G^eological  Survey  of  Sweden. 
„  Royal  Academy. 

Stdnbt.— Department  of  Mines,  New  South  Wales. 

Philosophical  Society  of  New  South  Wales, 
Royal  Society  of  New  South  Wales. 
TuBiN.— Royal  Academy  of  Sciences. 
Vienna. — Agricultural  Ministry. 

„  Imperial  Academy  of  Sciences. 
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Vienna. — Imperial  Geological  Institute. 
Washington. — Department  of  Agricoltore. 
„  Smithsonian  Institute. 

„  United  States  GeograpHcal  Surrey,  west  of  lOOth  Men- 

dian. 
„  United  States  Geological  and  Geographical  Survej. 

Wellington. — Geological  Survey  of  New  Zealand. 
Wellington. — New  Zealand  Institute. 
Yokohama. — ^Asiatic  Society  of  Japan, 
n  German  Naturalists'  Society. 

Zurich. — Natural  History  Society. 
The  Commissioner  of  Inland  Customs. 
„     Resident,  Hyderabad. 
„     Goyemment  of  Bengal. 
„  «9  of  Bombay. 

„  ,y  of  Madras. 

„  I,  of  N.-W.  Provinces  and  Oude. 

„  „  Punjab. 

„     Chief  Commissioner  of  Assam. 
„        „  „  of  British  Burmah. 

,»        ,»  i»  of  Central  Provinces. 

„        I)  91  of  Mysore. 

„     Superintendent  of  Farms,  Madras. 
Foreign,  Forest,  Home,  and  Revenue  and  Agricultural  Departments. 


Oeology  of  North- West  Xfahmtr  and  Kh&g^n  (being  siath  notice  cf  Geohgy  of 
Kashmir  and  neighbouring  territories)  by  R.  Ltdekkbr,  6.A.,  f.z  s.,  Geological 
Survey  of  India, 

(With  map  and  section.) 

Introductobt. 

The  geological  work  accomplished  by  myself  during  the  past  summer  bas 
completed  the  preliminary  examination  of  the  rocks  of  the  north-western  part 
of  il^dshmir  territory.  Some  additional  observations  have  also  been  made  on  the 
rocks  of  the  Pir-Panj&l  range,  and  on  those  in  the  neighbourhood  of  Sonamarg 
and  the  Zo]i-l& :  the  latter  observations  have  led  to  a  complete  re-determination 
of  the  age  of  certain  rocks.  The  season's  work  was  concluded  by  a  trip  up  the 
valley  of  the  Ktinh&r  river,  through  the  British  district  of  Elhdgan,  an  append^ 
of  Haz&ra.  In  spite  of  it  being  frequently  impossible  to  leave  the  road  owing 
to  the  neighbourhood  of  unfriendly  tribes,  results  of  considerable  geological  UQ- 
portance  have  been  yielded  by  the  latter  trip. 

As  I  hope  at  no  very  distant  date  to  publish  a  general  memoir  on  the  geology 
of  E&shmir  territory  and  the  ueighbouring  districts^  the  observations  of  the  past 
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season  will  be  but  briefly  noticed  here.    The  rocks  of  the  several  districts  will 
be  treated  of  in  the  order  in  which  they  were  visited,  commencing  with — 

I. — NOBTH-WSST  KXsHMIb  AND  THE   MIDDLE   ElSHANOANaA  YALLBT. 

Limestones  of  Trtgama.~^ln  the  last  paper  of  this  series,^  it  was  stated  that 
the  limestones  occnrring  near  the  village  of  Trigama,  at  the  north-western 
extremity  of  the  valley  of  Kfahmir,  were  probably  in  part  of  triassic  age,  though 
they  had  hitherto  been  referred  exclusively  to  the  carboniferous.  A  re-ezamin« 
ation  of  these  rocks  has  now  shown  that  they  agree  exactly  in  ^  their  characters 
with  the  trias,  or  (?)  trias-jura,  of  other  parts  of  the  Eldshmir  valley,  and  they  have 
accordingly  been  referred  to  that  series.  These  limestones  do  not  cross  the  water- 
shed of  north-western  Kashmir.  On  their  northerly  and  easterly  borders  they 
are  underlaid  by  some  shaly  and  slaty  beds  (often  of  a  greenish  hue),  mixed 
with  earthy  limestones,  which  are  doubtless  the  representatives  of  the  carboni- 
ferous. On  the  western  border  of  the  series  the  basal  beds  are  in  great  port  con- 
cealed by  alluvium.  *  No  fossils  have  yet  been  obtained  from  these  rocks,  and 
aooordingly  the  limits  of  the  carboniferous  can  only  be  approximately  indicated. 

Oaher  outliers  of  oarhontferous  and  trietssio  rocks  in  north-west  Kdshmvr. — In 
yariouB  places  in  the  north-west  of  the  Kdshmir  valley,  and  in  the  district 
between  that  and  the  lower  Xishanganga  valley,  numerous  small  outliers  of 
limestones  and  shales  are  to  be  met  with,  whose  distribution  is  sufficiently  indi- 
cated on  the  map,  and,  therefore,  does  not  need  further  particularising.  These 
rocks  overlie,  in  aU  cases,  the  older  palaoosoics,  and  contain  representatives  of  both 
the  carboniferous  and  trias,  though  the  exact  discrimination  between  the  two, 
in  the  absence  of  fossils,  is  a  matter  of  considerable  difficulty  and  uncertainty. 
The  oocurrenoe  of  these  rocks  in  the  tributary  valleys  of  the  lower  Kishanganga 
is  a  matter  of  some  importance,  since,  from  their  great  resemblance  to  the  lime- 
stones of  the  outer  hills  with  which  they  are  in  proximity,  and  from  their 
identity  with  the  undoubted  carboniferous  and  trias  of  Kashmir,  they  afford  a 
Btrong  confirmation  of  the  view  already  entertained  as  to  the  carboniferous  and 
triassic  age  of  the  latter  limestones,  and  of  the  similarly  situated  band  further  to 
the  south-east  in  the  outer  hills.  The  absence  of  fossils  from  the  undoubted 
carboniferous  and  trias  of  north-western  Kashmir,  and  from  the  corresponding 
rocks  of  the  lower  Kishanganga  valley,  affords  a  negative  point  of  connection 
between  these  rocks  and  the  unfossiliferous  limestones  of  the  outer  hills. 

Old&r  paUeoxoies  of  north-west  Kashmir. — ^The  older  palsBozoics  of  nori^-west 
Eibhmir,  in  their  unmetamorphosed  state,  continue  across  the  Kishanganga  in 
the  lower  part -of  that  valley ;  but  higher  up  that  valley,  between  Titw&l  and 
Changa,  the  river  crosses  their  north-western  boundary,  and  above  this  point 
their  limit,  for  some  miles,  lies  at  some  distance  to  the  south  of  the  river,  the 
boundary  again  crossing  the  river  in  the  FtUme  (Foolmai)  district,  and  thence 
sweeping  round  to  the  north  of  the  secondary  basin  of  Tilel,  described  in  pre- 
yious  papers.  The  mineralogical  composition  of  these  rocks  varies  consider- 
ably in  different  districts,   trappean  rocks  occurring  more  abxindantly  on  the 

»  Supra,  Vol  XIV,  p,  80. 
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northern  flanks  of  the  K&ynkg  range,  while  shales  and  slates  are  more  abnndant 
in  the  Kishanganga  vallej.  Here,  as  has  been  already  noted  in  previous  papers, 
as  in  other  parts  of  Kashmir  it  has  not  yet  been  found  possible  to  subdiyide 
these  rocks  into  minor  divisions  from  the  evidence  of  strata  of  distinct  minera- 
logical  composition. 

A  section  in  the  neighbonrhood  of  the  Ttitm&ri  pass,  of  the  rocks  below  the 
trias,  may  be  instanced  as  a  fair  average  example  of  these  rocks  i-^ 

Blue  limestones  and  shales,  the  latter  frequently  carbonaoeona         •        .        •    carboniferoos. 

Dark-coloured  shales,  slates,  sandstones,  &c. ,^ 

Quartzites,  sometimes  with  g^eiasic  stractore,  slates,  amygdaloids,  and  con-  r  silarian? 

glomerates.  ^ 

Porphyritic-g^iss-granite       •••>..••••    AimitiTe? 

From  this  section  it  will  be  seen  that  the  amygdaloids  occnr  at  a  horizon  far 
below  the  carboniferous,  thus  differing  from  the  KiLshmir  sections  described  in 
previous  papers,  where  the  amygdaloids  and  other  traps  inmiediately  underlie 
the  carboniferous.  Among  the  traps  of  this  district  there^occurs  a  rock,  with  a 
peculiar  star-shaped  arrangement  of  crystals,  named  by  the  late  Dr.  Verchere 
soolimanite.^  The  conglomerate  mentioned  in  the  foregoing  section  is  seem- 
ingly the  same  as  that  occurring  in  the  Pir-Panjil :  it  here  apparently  occupies 
a  somewhat  low  horizon  in  the  series,  and  probably  has  a  constant  position. 
In  F&ngi,  ou  the  Chinib,  Colonel  McMahon  has  lately  come  to  the  ooncluaion  * 
that  the  conglomerate  occurring  in  the  slates  of  that  district  is  probably  the 
equivalent  of  the  so-called  Blaini  conglomerate  of  the  Simla  district,  which  has 
been  referred  to  the  upper  Silurian  period.  Before  seeing  Colonel  McMahon's 
paper  I  had  conie  to  the  same  conclusion  as  to  the  homology  of  this  conglomerate 
in  Oshmir,  for  it  appeared  to  me  highly  improbable  that  such  a  widely  distributed 
rock  should  not  belong  to  the  same  horizon.  I  am,  however,  by  no  means  sore 
whether  this  horizon  can  be  certainly  fixed  as  upper  silurian,  seeing  that  in 
Kashmir  these  rocks  seem  to  always  occur  a  long  distance  below  the  fossilifeions 
carboniferous  horizon.  It  may  be,  however,  as  I  have  often  suggested,  that  in 
ITftQliTnir  a  considerable  portion  of  the  trap  and  slate  series,  usually  classed  as 
Silurian,  is  carboniferous.  The  Blaini  limestone  of  the  Simla  district,  according 
to  Colonel  McMahon's  identification,  should  correspond  with  the  part  of  the 
Kashmir  slates  immediately  overlying  the  conglomerate.' 

Metamorphics  of  the  Kdj-ndg, — In  the  foregoing  section  the  lowest  rock 
exposed  is  a  porphyritio  gneiss-granite,  the  same  as  that  already  described  in 

*  '  J.  A.  S.  B.,'  Vol.  XXXY,  pt.  II,  p.  120.  This  rock  was  named  from  its  occorrenoe  in  the 
hill  known  as  the  Takht-{-Sal£m^  (throne  of  Solomon)  at  Srtnagar  in  Kashmir.  Aa  the  rock  is 
generally  found  detached  in  worn  boulders,  and  is  of  intense  hardness,  I  have  been  unable  to 
hammer  off  a  specimen  for  examination.  It  is  easily  recognised  in  the  field  by  its  fine-grained 
green  base,  with  many-pointed  radiating  stars  of  small  white  crystals  scattered  through  it,  and  is 
valuable  in  identifying  the  Kiwhmfr  traps  when  met  with  out  of  the  valley.  Dr.  Verchere  dis- 
cribes  it  as  a  "  passage  between  a  trachyte  and  a  felspathic  porphyry." 

»  Supra,  Vol.  XIV,  p.  309. 

'  I  defer  further  remarks  on  this  point  until  I  have  personally  visited  the  Cluunba  territories 
in  the  neighbourhood  of  Pingi. 
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previons  papers  as  occurring  on  either  side  of  the  Jhelam  gorge  below  the 
Kashmir  yalley.  The  mass  of  this  gneiss  on  the  northern  side  of  the  Jhelam 
does  not  form  a  continnons  core  down  to  the  Elishanganga  valley,  bat  merely 
a  comparatiyely  small  island  where  the  highest  peaks  of  the  El&j-nag  range  are 
situated.  The  slates  overlie  this  gneiss,  and  dip  away  from  it  on  all  sides. 
Unfortunately  no  distinct  section,  exhibiting  the  junction  of  the  gneiss  and 
slates,  was  seen  ;  but  from  its  resemblance  to  the  gneiss,  classed  as  primitive  in 
other  parts  of  the  Himalaya,  I  am  inclined  to  think  that  this  Kdj-n£g  gneiss  is 
likewise  primitive. 

Gneiss  sovih  of  the  Jhelam,— 'In  previous  papers  of  the  present  series,  it  has 
been  shown  that  a  core  of  gneiss  forms  the  back-bone  of  the  Pir-Panj£l  range. 
Immediately  south  of  the  Jhelam  this  gneissic  core  consists  of  the  above-mentioned 
gneiss-granite,  together  with  some  schistose  gneiss.  This  mass  of  gneiss  is, 
however,  not  continuous  with  that  of  the  Pir-Panjdl  pass,  described  in  a  former 
paper,  since  the  section  across  the  Nilkanta  pass  exhibits  no  gneiss  at  all.  The 
{^eiss  of  the  Pir-Panjal  and  Banihal  passes  is  entirely  of  a  schistose  type 
between  these  two  points :  but  the  occurrence  of  gneiss  pebbles  in  the  conglo- 
merate of  the  Pir-Panj&l  indicates  the  existence  of  some  gneiss  of  a  primitive 
type.  From  the  difference  in  the  mineralogical  composition  of  the;  gneiss  in  the 
neighbourhood  of  the  Jhelam,  and  that  of  the  Pir-Panjal  pass,  I  am  now  inclined 
to  think  that  the  latter  is  very  probably  altered  palaeozoics,  while  the  former,  as 
already  stated,  is  primitive. 

Metamorphics  of  norih'West  Kashmir. — To  the  northward  of  the  great  mass  of 
Blaty  rocks,  noticed  above,  as  occurring  at  the  north-western  end  of  the  Kashmir 
valley,  we  come  upon  another  vast  series  of  metamorphic  and  sub-metamorphio 
iTx^ks,  belonging  to  more  than  one  geological  period,  continuous  to  the  north-east 
with  similar  rocks  in  Dirdistan  and  Baltist&n,  described  in  the  preceding  paper 
of  this  series,'  and  to  the  north-west  continuous  with  the  metamorphic  rocks  of 
Kbagdn,  noticed  in  the  sequel. 

In  the  Kishanganga  valley  these  rocks  occasionally  consist  of  thin  bands  of  a 
granitic  but  more  usually  of  a  schistose  gneiss,  varying  in  its  degree  of  crystal- 
lization till  it  passes  into  scarcely  altered  slates ;  many  of  the  schists  are  highly 
micaceous,  and  frequently  garnetiferous.  At  the  village  of  Changa,  and  again 
bigher  up  the  river  at  Doga,  there  are  found  overlying  these  schists,  or  sometimes 
folded  in  among  them,  certain  more  or  less  altered  limestones  or  dolomites, 
which  from  their  characters  seem  undoubtedly  to  correspond  to  the  trias  of  the 
Kashmir  valley.  The  occurrence  of  these  limestones  indicates  pretty  clearly 
that,  at  all  events,  some  of  these  gneissic  rocks  must  be  the  altered  representa- 
tives of  the  palseozoics,— a  conclusion  which  we  shall  find  confirmed  when  we 
come  to  ti^eat  of  the  rocks  of  Khdgan.  The  higher  parts  of  the  lofty  range 
separating  the  Kishanganga  from  the  Khagan  valley  consist  of  a  granitic  and 
frequently  porphyritic  gneiss,  almost  certainly  primitive  ('central').  Here  a 
considerable  difficulty  presents  itself  in  regard  to  the  colouring  of  the  map, 
since  in  Khagdn  the  primitive  and  the  palaeozoic  gneisses  can  be  easily  separated 

^  LoccU. 
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and  distinguished  on  tlio  map,  while,  as  noticed  in  my  last  paper,  no  such 
Reparation  has  been  fonnd  practicable  in  Baltist^n.  Hence,  in  this  interme- 
diate country,  it  is  almost  impossible  to  give  a  tme  representation,  and  it  must 
be  observed  that  while  in  Khkg&n.  and  the  lower  Kishanganga  valley  the  gneiss 
of  the  two  ages  is  distinguished  by  different  colours,  yet  in  the  upper  Kishan. 
ganga  valley,  and  to  the  north  and  east  of  the  same,  the  one  colour  on  the  map 
(red)  mnst  be  considered  to  embrace  gneiss  of  two  ages,  the  easterly  termination 
of  the  purple  area  on  the  map  being  merely  an  arbitrary  one,  and  not  in  the  least 
representing  the  real  distribut^'on  of  the  newer  gneiss. 

To  the  north-east  of  Shardi,  on  the  Kishanganga,  the  gametiferous  schisis 
are  again  underlaid  by  a  highly  crystalline  and  sometimes  granitic  gneiss,  pebbles 
of  which  are  found  in  the  palaeozoic  conglomerate  somewhat  higher  up  the  river. 
Still  higher  up  the  river  the  granitoid  gneiss  is  underlaid  by  the  gametiferous 
schists,  probably  a  case  of  inversion.  At  the  village  of  Kel,^  and  up  the  vallej 
leading  thence  northward,  there  occurs  much  of  the  "  augen-gneissth  "  of  Astor, 
described  in  my  last  paper.  As  at  Astor,  it  is  impossible  to  say  whether  this 
gneiss  be  primitive  or  altered  palseozoic. 

Metamorphosed  trios. — Up  the  tributary  vaJloy  (Brai  valley)  to  the  noiih- 
wai*d  of  "Keif  the  "  Augen-gneissth ''  is  overlaid  by  less  completely  crystalline 
schists.  Near  the  upper  end  of  the  same  valley  there  occur  numerous  snuiU 
outliers  of  the  characteristic  banded  trias  limestones  and  dolomites  of  the  upper 
Kishanganga  valley,  more  or  less  altered  by  metamorphic  action.  These  altered 
calcareous  rocks  conformably  overlie  the  gneiss,  and  are  sometimes  found 
capping  the  highest  peaks  and  ridges,  and  iu  other  places  let  dowh  deep  into 
the  river  gorges,  being  not  unfrequently  completely  inverted  amonp^  the  gneiss. 
The  distribution  of  these  outliers  can  only  be  approximately  indicated  on  the 
map.  No  carboniferous  horizon  can  be  detected  among  these  triassic  outliers, 
but  their  presence  affords  abundant  evidence  to  show  that  the  underlying  schists 
must  contain  representatives  both  of  the  carboniferous  and  Silurian;  while, 
from  the  presence  of  pebbles  of  gneiss  in  the  palaeozoic  conglomerate,  it  seems 
equally  clear  that  a  moiety  of  the  metamorphic  series  must  be  primitive.  The 
position  of  these  outliers  in  the  Brai  stream  is  such  that  they  lie  exactly  on 
the  lino  of  strike  of  the  great  triassic  basin  of  the  upper  Kishanganga  (Tilel) 
valley,  whence  we  may  conclude  that  this  basin  once  extended  much  further  to 
the  north-west  than  at  present.  In  my  last  paper  it  was  stated  that  a  mass  of 
similar  limestones  had  been  noticed  by  the  late  Mr.  Vigne  as  occurring  in  the 
Indus  valley  in  Ghil&s,  on  the  strike  of  the  Kishanganga  trias :  it  is  probable 
that  this  mass  of  limestone  is  another  triassic  outlier  among  metamorphic  rocks. 
These  metamorphic  triassic  limestones  of  the  Kishanganga  basin  are  precisely 
similar  to  those  of  Baltistdn  described  in  my  last  paper. 

Northerly  termination  of  Kishanganga  secondary  basin. — The  secondary  bwm 
of  the  Kishanganga  valley  and  the  Zoji-la  has  been  already  described  in  prenons 

"  There  is  a  conaiderable  error  in  the  map  (copied  from  the  Indian  atlas)  at  this  point,  toe 
mouths  of  tlK5  Brai  stream,  and  the  stream  from  Machel,  on  the  opposite  side  of  the  Ki»h»ngsng»» 
bciu(f  represented  as  opposite  one  another,  whereas  they  are  really  about  4  miles  apart. 
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papers,  thongh  its  northerly  termination  was  not  fixed.  It  has  now  been  found 
that  it  extends  only  a  short  distance  to  the  north-west  of  Gurez,  the  carboniferous 
rocks  sweeping  round  the  trias  to  become  continuous  with  those  of  the  Kamri 
pass  and  Bursil  river.  The  carbonifereous  is  underlaid  by  the  older  palsBOzoio 
slates,  which  a  short  distance  to  the  north-west  pass  gradually  into  the  great 
mass  of  metamorphics  of  Ddrdistan  and  Baltistdn. 

Bof^  of  SonoMiarg  and  the  Zoji-ld, — ^A  re-examination  of  the  rocks  in  the 
neighbourhood  of  Sonamarg  and  the  Zoji-ld,  at  a  time  when  the  country  was 
free  from  snow,  has  resulted  in  an  entirely  different  determination  of  the  age  and 
relations  of  several  of  these  rocks  from  that  previously  entertained  by  myself.^ 
It  has  hitherto  been  considered  that  on  the  southward  border  of  the  Sonamarg 
trias  no  carboniferous  strata  existed,  the  palaBozoic  amygdaloids  adjoining  the 
trias,  and  a  fault  existing  at  the  line  of  junction.  The  closer  examination  of  the 
carboniferous  of  the  K&shmir  valley  undertaken  last  year  has,  however,  shown  that 
certain  carbonaceous  and  pyritiferous  shales,  and  blue,  frequently  quartz- veined, , 
limestones,  occurring  immediately  above  the  amygdaloidal  rocks  of  Sonamarg, 
must  be  the  representatives  of  the  carboniferous,  from  their  identity  in  mineral- 
ogical  structure  with  the  fossiHferous  carboniferous  of  Ward  wan  and  Kashmir. 
These  rocks,  which  form  a  very  thin  band,  are  succeeded  by  the  trias,  as  is  shown 
in  the  accompanying  section.  The  triassic  rocks  have  at  first  a  northerly  dip, 
subsequently  becoming  southerly,  after  which,  owing  to  inversion,  it  again  attains 
its  northerly  direction ;  approaching  the  Zoji-ld,  this  trias  is  overlaid  by  the 
same  carboniferous  rocks  as  occur  at  Sonamarg.  On  the  same  side  of  the 
pass  the  carboniferous  rocks  are  in  turn  overlaid  by  slates  and  greenish  trap* 
like  rocks,  which  must  now  be  considered  as  the  representatives  of  the  older 
palaeozoics.  These  rocks  were  originally  so  classed  by  Dr.  Stoliczka ;  but  observa- 
tions made  by  myself  in  the  upper  Lidar  valley  (Panjtdmi)  led  me  to  the  conclu- 
sion that  thay  were  newer  than  the  trias.  In  that  district  the  section  showed 
that  the  slates  rested  on  a  synclinal  of  the  trias,  whence  it  was  inferred  that  they 
were  the  newer  of  the  two.  The  conclusion  now  arrived  at  as  to  the  relations  of 
the  same  rocks  on  the  Zoji-ld  leads  to  the  inference  that  in  the  Panjtarni  section 
the  slate  rocks  must  really  form  an  inverted  anticlinal  below  the  trias,  spread- 
ing  out  above  in  a  fan-shaped  manner  so  as  apparently  to  overlie  the  latter. 
To  the  south-east  of  the  road  leading  up  to  the  Zoji-ld  the  strata  appear  to  be  in 
normal  sequence,  the  palaeozoic  slates  dipping  to  the  south-west  and  south-east 
and  underlying  the  limestone  series.  The  anticlinal,  formerly  stated  to  occur  in 
the  trias  near  Bdltal,  seems  to  be  merely  an  inversion. 

II. — The  Lower  Kishanoanqa  valley  and  KhaqXn. 

TMiary  rocks. — In  the  lower  Kishanganga  valley  the  palaeozoic  slates  of  Kdsh- 
mfr  extend  to  within  a  couple  of  miles  of  the  village  of  Pala,  sweeping  round  in 
a  horse-shoe  form  on  either  side  to  Ndga  station  on  the  south,  and  Makra  station 
on  the  north.     Within  this  horse-shoe  or  bay  of  older  rocks  there  occurs  a  large 

'  The  Sonamarg  district  is  shown  in  the  map  accompanying  mj  last  papor. 
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extent  of  the  red  t^rtiarr  rocks  of  the  Murree  gronp.  *  These  and  ather  tertiary  rocks 
occupy  the  rest  of  the  Kishanganga  valley,  and  are  continnons  with  tliose  of  the 
Jhelam  valley,  while  to  the  north  they  extend  into  Khdgdn.  The  junction  between 
the  tertiaries  and  the  palseozoics  seems  to  be  an  original  one,  the  rocks  of  both 
series  presenting  a  parallelism  of  stratification,  with  a  general  Highly  inclined 
outward  dip,  though  there  is  very  frequently  slight  inversion :  further  to  the  west 
this  inversion  becomes  the  rule.  The  red  Murree  rocks  continue  to  witbin  a  short 
distance  of  Musafirabad  (Mozafirabad),  where  they  are  underlaid  by  limestones, 
crowded  with  nummulites.^  These  nummulitic  limestones  form  a  tongue,  stretch* 
ing  in  from  the  north-west  and  cutting  off  almost  entirely  the  Kisbangang^i 
and  Khagin  Murree  rocks  from  those  of  the  Jhelam  valley,  though  there 
is*  a  naiTOW  communication  near  Chenasi  station.  The  '  tongue  *  of  nummnlitics 
probably  forms  an  anticlinal  axis,  inverted  towards  the  south.  It  would  seem 
from  the  relations  of  the  Murree  rocks  to  the  paliBozoics  that  the  nummalitics 
wei'e  *  overlapped'  by  the  former  rocks,  and  that  they  never  underlay  the  whole 
tertiary  area.  The  Musafirabad  nummxditics  unite  with  the  band  bordeiicg  the 
right  bank  of  the  Jhelam  below  tho  Musafirabad  bend  :  to  the  north  these  lime- 
stones continue  to  a  point  a  little  beyond  Bdla-kot,  being  overlaid  to  the  nortli 
and  east  by  Murree  beds.  In  the  Khagan  valley  the  tertiaries  form  another  bay, 
rather  smaller  than  the  one  in  the  Kishanganga  valley.  The  lower  part  of  this 
bay  is  formed  by  Murree  beds,  and  the  higher  by  nummulitic  limestones ;  the 
bordering  rocks  are  in  all  causes  palseozoics. 

Relations  of  tertiaries  to  older  rocAw.— At  the  junction  of  the  nummulitics  with 
the  palseozoics,  on  the  Kunhdr  river  below  Kh&gdn,  the  strata  are  nearly  vertical, 
with  a  slight  south-westerly  dip,  the  nummulitics  overlying  tho  palseozoics. 
There  appears  to  be  strict  parallelism  between  the  strata  of  the  two  rock  series, 
as  far  as  can  be  observed  in  the  limited  portion  visible  in  the  section.  A  similar 
relation  of  the  palseozoics  to  the  tertiaries  has  been  previously  noticed  in  Ladik' 

General  conclusions  on  the  tediaries, — The  occurrence  of  the  bay  of  tertiaries 

^  It  may  not  be  out  of  placo  to  mention  that,  from  the  middle  rocks  of  the  Muiree  groap, 
near  Chakoti,  in  the  Upper  Jhelam  valley,  I  obtained  last  autumn  a  fragment  of  the  frond  of  a 
palm,  belonging  to  a  species  which  Dr.  Feistmantcl  has  described  below  as  being  very  closely  allied  to, 
if  not  identical  with,  StUial  major,  of  tho  middle  and  lower  miocene  of  Europe.  The  occarrencc  of 
this  mioc4*ne  palm  in  a  horizon  far  below  that  of  the  mammalif  crous  Mwaliks  is  of  some  importance, 
as  it  goes  some  way  in  confirming  the  conclusions  previously  arrived  at  by  Mr.  W.  T.  Blanford  and 
others,  as  to  the  pliocene  age  of  the  latter.  The  presence  of  nnmmulitcs  marks  the  eocene  age  of 
the  Subilthu  group,  llie  present  fossil  indicates  the  miocene  age  of  the  Murree  group  (the  fossil 
was  found  about  the  middle  of  this  series) ;  and  hence,  on  this  evidence  alone,  the  Siwaliks  should 
Ite  pliocene. 

'  These  Musafirabad  limestones  have  boon  tho  source  of  considerable  discussion  and  difficnlty. 
In  the  first  paper  of  this  scries  {Supra  Vol.  IX,  p.  155,  et  »eq»)  they  were  classed  as  nnmranlitici 
(Subtfthu),  but  were  confounded  with  the  palseozoics  to  the  northward.  In  a  subsequent  pap^r 
(Vol.  XII,  p.  16),  owing  to  tlus  mistake  and  the  non  discovery  of  nummulites  iu  the  limestone  at 
Musafirabad,  I  came  to  the  conclusion  that  these  rocks  must  be  the  equivalent  of  the  Uri  limestones 
higher  up  the  Jhelam  valley,  and  hence  of  early  mesozoic  or  late  palaH)zoic  ago.  Tlic  observations 
of  tho  past  season  liave  finally  set  the  question  at  rest. 

»  i^'vpra,  Vol  XIII.  p.  39. 
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jmrning  up  the  valley  of  the  Kunhar  and  Ki&hanganga  rivers  is  a  fact  of  much 
geological  interest.  The  presence  of  this  bay,  taken  together  with  the  circum- 
stance that  the  inner  tertiary  boundary  is  immediately  outside  a  snowy  range, 
the  nature  of  ttiat  boundary,  and  the  non-occurrence  of  any  tertiary  rocks 
beyond  it,  seem  to  point  to  the  conclusion  that  that  boundary  is  approximately  an 
original  one,  though,  of  course,  the  limits  of  the  strata  have  been  somewhat 
curtailed  by  denudation.^  Hence  we  may  probably  infer  that  the  Kaj-nag  and 
Pir-Panjdl  range  marks  an  old  shore  line,  while  the  Jhelam  flowed  into  the  sea 
or  estuary  at  Uri,  ■  and  the  Kiinh^r  and  Kishang-inga  rivers,  by  distinct  mouths 
into  a  gulf  northward  of  Musafirabad.  From  these  obervations  it  will  follow  that 
the  present  drainage  lines  of  the  country  must  have  existed  in  early  tertiary 
times. 

The  lower  Murree  beds  are  certainly  of  marine  origin,  as  they  locally  con- 
tain nummulites ;  while,  from  the  occasional  occurrence  of  fresh- water  shells  in 
the  higher  beds  of  the  series,  we  may  infer  that  the  latter  are  of  fresh-water 
or  brackish  origin.  Hence  it  seems  probable  that  the  nnmmulitic  sea  gradually 
i-oceded,  and  was  replaced  by  estuaries  and  lagoons.  We  may  further  infer  that 
Himalayan  land  existed  in  eocene  times,  forming  a  shore  of  the  eocene  sea, 
fuid  affording  material  for  the  immense  series  of  tertiary  deposits.  Considering 
that  we  have  fair  evidence  that  the  Pir-Panjal  and  Kaj-ndg  range- formed . 
an  old  shore  line,  it  seems  remarkable  that  no  pebble  beds  are  found  in  the 
lower  tertiaries.  This  may,  perhaps,  be  explained  as  follows: — Seeing  that 
in  most  places  where  the  junction  between  the  palaeozoics  and  tertiaries  has 
been  observed,  (as  in  KhAgan  and  on  the  Jhelam  at  Uri,)  there  is  a  strict  paral- 
lelism between  the  two  series  of  strata,  frequently  (as  at  Uri)  with  inversion, 
we  must  suppose  that  the  palaeozoics  forming  the  old  shore  line  had  origin- 
ally a  low  and  gradual  dip  towards  the  sea;  the  tertiaries  would  then  be  thrown 
down  upon  these  rocks  with  the  same  general  inclination  which,  in  a  limited 
area,  would  appear  parallel.  FuHher,  since  the  older  rocks  dipped  towards  the 
sea,  they  would  be  but  slightly  affected  by  denudation,  and  since  the  sea  may  have 
been  a  currentless  gulf,  it  is  not  so  difficult  to  imagine  the  absence  of  a  pebble 
beacK  Finally,  a  steady  upraising  of  the  whole  area  by  a  lateral  thrust  would 
very  easily  crush  the  tertiaries  against  the  palaeozoics  and  invert  the  latter  upon 
them.  It  may  be  concluded  from  this,  that  here,  as  sus^gested  by  Mr.  Medlicott 
C'  Manual,"  pp.  569,980),  a  great  upheaval  and  denudation  of  the  older  rocks  took 
place  in  pre- tertiary  times,  while  the  great  epoch  of  contortion  and  crushing  took 
place  subsequently. 

Extinction  of  gjieiasic  axis  of  the  Ptr-Pavjiil  at  the  Kishanganga  vaZZey.— In  the 
"  Manual  of  the  Geology  of  India, "  it  has  been  concluded*  that  the  valley  of  the 
Kishanganga  at  Muzaflrabad,  and  of  the  Jhelam  below  its  great  bend  at  that  place, 
formed  the  boundary  of  the  Himalayan  area  proper.  This  conclusion  is  strikingly 
confirmed  by  the  bay  of  tertiary  rocks  occurring  in  the  lower  Kishanganga 
valley,  and  by  the  gradual  but  complete  extinction,  some  distance  to  the  south. 

*  The  opinion  at  first  expressed  by  myself  (Supra,  Vol.  IX,  p.  155),  that  this  boundary  was  a 
fanlted  one,  will  not  hold. 

^  See  map  accompanying  p  vper  \&^t  quoted. 
»  pp.  478,  518. 
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east  of  this  valley,  of  the  gneissic  axis  of  the  Pir-Panjil  range, — an  axis 
which  can  be  traced  up  to  this  point  coutinnouslj  from  the  Dhaniadh&r  range, 
with  but  slight  interruption,  and,  as  we  approach  the  valley  of  the  Kishan. 
ganga,  becomes  gradually  less  and  less  marked  until  ita  final  disappearance 
beneath  a  mass  of  silurian  and  carboniferous  rocks  in  that  valley.  The  gneiss 
to  the  westward  of  the  Kishanganga  belongs  to  an  entirely  different  mountain 
system,  namely  that  of  the  Mustdg  and  Chil^  ranges  of  Baltist^n  and  Ladik, 
described  in  previous  papers  of  this  series. 

Older  rocks  of  Khdgdn. — Reverting  to  the  rocks  of  Khdgin,  we  may  continue 
our  survey  by  commencing  at  the  upper  end  of  the  valley,  where  we  find  the 
rocks  of  the  valleys  and  bordering  ranges  to  consist  mainly  of  a  compact  gneiss- 
granite,  frequently  porphyritic,  with  large  twin  crystals  of  orthoclase,  but  more 
generally  fine-grained.  This  gneiss-granite  is  undoubtedly  identical  with  the 
similar  rocks  described  in  my  last  paper  as  occurring  so  frequently  in  Baltistan, 
and  apparently  the  representative  of  the  central  gneiss  of  Dr.  Stoliczka.  It  is, 
however,  quite  probable  that  among  this  gneiss  there  are  beds  of  the  newer 
gneiss. 

In  several  places  on  the  south  side  of  the  upper  Khfigfin  valley,  this  primitive 
gneiss,  frequently  lacking  all  signs  of  stratification,  is  distinctly  seen  to  he 
overlaid  by  a  newer  and  schistose  gneiss,  with  considerable  indications  of  uncon- 
formity. This  newer  schistose  gneiss,  and  other  schists,  are  frequently  highly 
gametiferous  and  micaceous.  As  we  descend  the  valley,  the  newer  schists 
gradually  become  less  and  less  crystalline,  till  near  the  village  of  Khiigfin  itself 
they  become  almost  unaltered  slates  and  shales;  while  below  that  place  they 
pass  into  greenish  sandy  and  slaty  rocks,  undoubtedly  the  same  as  many  of 
the  older  palaeozoics  of  Kashmir.  In  various  parts  of  upper  Khagfin  these  semi- 
metamorphic  rocks  are  overlaid  by  carbonaceous  and  pyritous  shales,  whicli  have 
undergone  a  partial  metamorphism,  and  these  again  by  a  hard  white  or  baff 
metamorphic  limestone  or  marble.  The  close  resemblance  of  these  rocks,  whose 
distribution  is  approximately  indicated  on  the  map,  to  the  metamorphosed  trias 
of  the  Kishanganga  valley,  and  also  to  the  unaltered  carboniferous  and  trias  of 
the  Kashmir  valley,  indicates  a  strong  presumption  that  they  are  the  same ; 
it  is  further  probable  that  the  representatives  of  the  Hazdra  '  Tanol '  group  of 
Mr.  Wynne  are  represented  among  these  rocks. 

Frequently,  owing  to  the  extent  to  which  the  metamorphic  action  has  been 
carried,  the  presumed  carboniferous  zone  cannot  be  detected.  The  presence  of 
these  rocks,  if  rightly  assigned,  confirms  the  conclusion  that  the  newer  Khagan 
gneiss,  which  is  the  same  as  that  of  the  lower  Kishanganga,  is  the  altered 
representative  of  the  palseozoics. 

Unknotmi  rocks. — In  upper  Khiigdn,  at  the  village  of  Soch,  there  occur 
certain  greenish  sandstones,  mingled  with  some  slightly  altered  blue  limestones, 
and  some  shales,  resting  on  the  gneiss.  These  rocks  are  left  uncoloui*ed  on  the 
map,  as  I  cannot  determine  their  age :  they  are  not  unlike  some  of  the  nummu- 
litics,  but  I  could  find  no  trace  of  nummulites  in  the  limestones. 

Mnckn  of  Northern  Hazdra.'^ln  conclusion,  a  few  remarks  may  be  added,  as 
to  the  con-elation    of  the  rocks  of  northern  Hazdra,  comprehending  the  loivcr 
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portion  of  the  course  of  the  Kunhdr  river,  and  the  adjacent  country  to  the  west 
and  south  with  those  of  KhlLg^n.  The  latest  report  on  the  geology  of  Hazfira 
is  by  Mr.  Wynne,  and  "^ill  be  found  in  the  12th  volume  of  the  "  Records,"* 
aocompanied  by  a  map,  which  includes  part  of  the  area  exhibited  in  the  map 
accompanying  the  present  notice.  In  the  two  maps  some  slight  differences  will 
be  noticed,'  occasioned  by  the  different  estimates  taken  by  Mr.  Wynne  and  myself 
of  the  distinctions  between  slates  and  schists.  A  short  notice  of  the  section 
between  Murree  and  Abbottabad,  in  Haz&ra,  is  given  by  Mr.  Wynne  in  the  same 
volume  ;*  and  the  geology  of  the  Sirban  mountain  in  lower  Hazira  is  treated  of  by 
the  same  gentleman  in  the  9th  volume  of  the  '*  Memoirs." 

In  northern  Hazdra  Mr.  Wynne  distinguishes  the  following  divisions  of  the 
infra-jurassic  rocks,  viz, :— 

4.     Trias     [Y^^'' 
\  lower. 

«v    r  Infra-trias 

(  and  Tanol  series,  passing  to  the  north  into  gneissic  rocks. 

2.      Attock  slates. 

1.     Hazara  gneiss. 

The  trias  Mr.  Wynne  identifies  with  that  of  Kilshmir,  and  there  can  be  no 
doubt  that  this  is  correct. 

The  age  of  the  Tanol  rocks  is  not  determined,  but  it  is  evident  that  this  must 
lie  between  some  part  of  the  palaeozoic  and  the  trias. 

The  Attock  slates  are  concluded  to  be  palaeozoic,  with  a  possibility  of  being 
Silurian.  Mr.  Wynne  doubts  whether  these  rocks  are  the  same  as  the  silurian 
of  Kashmir,  mainly  on  account  of  their  non-association  with  gneiss. 

The  Hazira  gneiss  is  identified  with  that  of  the  Kfij-ndg  (Pir-Panj£l)  range, 
but  is  said  to  be  differently  placed. 

In  Mr.  Wynne's  map'  there  appears  a  large  series  of  schistose  rocks,  lying  to 
the  north  of  Abbotabad.  These  rocks  do  not  appear  in  the  table  given  on  page 
128  of  Mr.  Wynne's  notice,  unless  they  be  included  in  the  Tanol  series.  They 
are  undoubtedly  the  same  as  the  newer  gneiss  of  Khdg^,  which  has  been  shown 
to  contain  representatives  of  the  palaeozoics. 

My  own  observations  tend  to  point  to  the  intimate  relationship  of  these 
schists  with  the  Attock  slates ;  the  rocks  on  the  lower  Kunhar  river,  mapped  as 
such  by  Mr.  Wynne,<  appearing  to  pass  imperceptibly  into  the  newer  gneiss  and 
other  schists,  of  Khigdn  to  the  north,  and  of  Hazara  to  the  south-west  I  am 
thus  led  to  conclude  that  the  newer  gneiss  series  (or  schists  of  Mr.  Wynne),  is, 
at  all  events  in  great  part,  the  metamorphosed  representative  of  the  Attock  slates. 
Botli  these  rock  series  would,  therefore,  seem  to  correspond  to  the  slate  series 
of  Kashmir,  which  has  been  mainly  classed  afi  silurian,  though  there  is  a  possi- 
bility of  its  upper  part  being  carboniferous. 

Since  the  publication  of  Mr.  Wynne's  notice  of  northern  Hazara,  Dr.  Waagen 
Las  suggested'  that  ihe  Attock  slates  may  be  of  carboniferous  age,  his  suggestion 

'  p.  114,  et  »eq.  *  Ibid,  p.  120  (Mr.  Wynne  terms  the   Kunhar 

'  p.  206,  et  9eq,  the  Nains^k  river). 

»    &upra.  Vol.  XII.p.  132.  *  Supra,  Vol.  XII,  p.  184. 
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being  based  on  the  evidence  of  a  carboniferonR  brachiopod,  embedded  in  d 
shale,  said  to  have  been  obtained  from  the  Pnnjab.     The  evidence  connectii 
this  fossil  with  the  Attock  slates  is,  however,  only  circumstantial. 

Seeing  that,  according  to  Mr.  Wynne,  the  Tanol  group  overlies  the  At 
slates  with  marked  tinconformity,  it  seems  difficult  to  accept  the  view  of 
carboniferous  age  of  the  former,  since  there  would  thus  seem  to  be  no  place 
the  Tanols.     Perhaps  a  way  out  of  the  dilemma  might  be  found  by  consideri 
that  merely  the  topmost  Attock  slates  are  of  carboniferous  age.     Even  t 
however,  we  have  the  Tanols  vastly  thicker  than  the  undoubted  carboniferous 
K&shmir,  to  say  nothing  of  the  unconformity  between  the  Tanols  and  the  tri 

The  Haz&ra  gneiss  of  Mr.  Wynne  is  undoubtedly  the  same  as  that  of  up 
Khagan,  where  we  have  seen  it  underlying  the  newer  schists,  and  doubtl 
corresponds  to  the  '  central  gneiss '  of  Dr.  Stoliczka.  Its  apparent  super-posi 
on  the  newer  schists  in  Hazara  must  be  due  either  to  inversion  on  a  very  lai 
scale,  or  to  a  fault. 

In  confirmation  of  the  view  of  the  correspondence  of  the  Attock  slates 
the  slate  series  of  Kashmir,  I  may  add  that  I  have  this  season  identified,  as 
as  this  can  be  done  from  exact  structural  similarity,  the  slates  occurring*  on 
upper  road  from  Abbottabad  to  Muri'ee  at  Kalabagh,  described  by  Mr.  Wynn 
Attock  slates,^  and  those  occnrring  in  the  gorge  leading  from  Lama-X 
Kalsi  on  the  Indus  in  Ladak,*  considered  both  by  Dr.  Stoliczka  and  myself 
being  probably  of  silurian  age.  Similar  rocks  occur  at  Dras,  on  the  KiLsh 
and  Laddk  road,  and  have  been  identified  with  the  great  mass  of  the  slate  se 
of  Kashmir.  The  proximity  of  the  same  Kashmir  slates  in  the  Kishanga 
valley  to  the  Attock  slates  of  the  lower  Kunhdr  valley  seems  of  itself  sufiBci 
proof  of  the  identity  of  these  rocks. 


Ou  some  GondwAna  Labyrinthodonts,  hy  R.  Lydkkkeu,  B.A.,  F.Z.S.,  Q^ologx 

cal  Survey  of  India, 

(With  a  Plate). 

Introductory, — Since    my  last  notice   of    Gondwana  vertebrates,*  Proft 
Huxley  has  returned   to  the  Indian  Museum  certain  remains  of  labyrinthodoi 
from  the  Panchet  and  Maleri  groups  of  the  Gondwana  rock  series,  some  of  whi^ 
are  of  sufficient  interest  to   merit  a  short  notice  here,  as  they,  illustrate  mi 
fully  than  previous  specimens  the  structure  and  distribution  of  certain  fo] 
of  these   interesting  salamandroid   animals.     In   the  plate  accompanying  tl 
notice  some  of  the  best  preserved  of  these  remains   have  been  figured,  togethi 
with  (fig.  1)  the  small  lower  jaw  of  a  Panchet  labyrinthodont  collected  by  mysi 
last  year,  and  referred  to  in  the  above-quoted  notice.     I  now  proceed  to  notii 
the  various  specimens  seriatim. 

Mandible  of  Pachtgonia   incdrvata  from    the  Panchet  group. — In  his  de4 
scriptionof  the  "  Vertebrate  Fossils  from  the  Panchet  Rocks,  ^  "  Professor  Hnxlej 


i«i 


1  iSif;>r<i,  Vol.  XII,  p.  208. 
a  Ibid.  p.  46, 


«  Supra,  Vol  XIV.  p.  176. 

*  •'  Pal.  lud."  Scr.  IV.,  Vol.  1,  pt.  1.  p.  6. 
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described  and  figured  the  hinder  moiety  of  tiie  left  ramus  of  a  labyrinthodont 
mandible  under  the  new  name  of  Pachygonia  incurvata.  This  lower  jaw  is 
characterised  by  its  roughly  sculptured  outer  surface,  and  by  its  carrying  a  row 
of  minute  teeth,  transversely  elongated  at  their  bases,  but  becoming  sub- 
cjlindrical  higher  up.  The  part  of  the  dentary  element  remaining  in  the  speci- 
men is  nearly  straight,  with  a  slight  indication  of  the  symphysial  incurving. 

At  a  subsequent  date  I  described^  the  symphysial  portion  of  another  laby- 
rinthodont mandible  from  the  same  formation,  which  was  referred  to  the  same 
species.  This  specimen  showed  a  series  of  small  teeth,  placed  along  the  free  edge 
of  the  ramus,  like  those  in  Professor  Huxley's  specimen,  and  also  a  single  and 
larger  isolated  tooth  placed  internally  to  the  marginal  series  in  juxtaposition  to 
the  symphysis. 

In  figure  2  of  the  plate  accompanjing  this  notice  is  represented  the  dentary 
portion  of  the  right  ramus  of  a  labyrinthodont  mandible  from  the  Panchet  group 
of  rocks,  being  one  of  the  specimens  returned  by  Professor  Huxley.  The  anterior 
portion  of  this  specimen  is  precisely  the  same  as  the  fragment  of  the  symphysis 
described  by  myself.  The  hinder  part  of  this  specimen,  as  far  forward  as  the 
point  where  the  teeth  become  separated  by  a  distinct  interval,  corresponds  with 
the  anterior  part  of  Professor  Huxley's  specimen ;  the  new  jaw  is,  however, 
rather  deeper  than  the  latter,  and  must  have  belonged  to  a  somewhat  larger 
individual  The  new  specimen  makes  us,  therefore,  acquainted  with  the  whole 
of  the  mandible  of  Pachygonid,  It  will  be  noticed  that  the  hinder  teeth  are 
closely  approximated,  transversely  elongated  at  their  bases,  sub-cylindrical  higher 
up,  and  bending  in  at  their  extremities.  In  advance  of  these  approximated 
teeth  are  four  rather  larger  teeth,  separated  by  intervals  about  equalling  their 
own  shorter  diameters.  In  advance  of  these,  we  again  find  another  series  of 
smaller  and  closely  approximated  teeth,  continuing  up  to  the  symphysis,  as  in 
many  other  labyrinthodonts.  There  is  one  large  isolated  tooth  placed  dose  to 
the  symphysis,  and  internally  to  the  marginal  series. 

In  describing  his  specimen,  Professor  Huxley   remarked  that  "inside  the 

dentary  piece  there  seems  to  be  a  distinct  splenial  element It  exhibits  minute, 

ronnd,  crater-like  elevations,  as  if  (as  is  the  case  in  some  Amphibia  and  Ganoid 
fishes)  it  had  given  attachment  to  teeth."  The  absolute  correctness  of  this 
B°gg^tion  is  illustrated  by  the  new  specimen,  for  this  shows  on  its  inner  surface 
a  small  remnant  of  a  splenial  element,  bearing  two  minute  teeth ;  this  probably 
continued  along  a  considerable  portion  of  the  hinder  part  of  the  dentary  piece. 
The  outer  wall  of  the  mandible  is  nearly  vertical,  and  of  great  relative  depth 
at  the  83rmphysi&  The  general  form  of  the  complete  mandible  was  probably 
yeiy  similar  to  that  of  the  European  LahyrirUhodon  pachygnathus, 

Pachtgonia  from  the  Kota^Mdleri  group, — In  figures  3  and  4  of  the  accom- 
panying plate  are  represented  two  fragments  of  labyrinthodont  jaws  from  the 
Maleri  section  of  the  Kota-Maleri  group.  They  were  collected  by  the  late  Mr. 
Hislop  in  Chutia  Nagpdr,  and  were  sent  to  Professor  Huxley,  who  never  de- 
scribed them :  they  are  coated  with   the  red  clay  characteristic  of  the   Maleri 

••PaL  Ind."  Ser.  IV,  Vol.  I,  pt.  3,  p.  18,  pi.  Ill,  figs.  12, 13. 
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fossils.  The  fragment  represented  in  figure  3  is  a  portion  of  the  dentary  element 
of  a  mandibular  ramus,  posterior  to  the  symphysis ;  while  that  represented  in 
figure  4  is  a  portion  of  a  left  ramus,  immediately  contiguous  to  the  symphysis. 
These  fragments  so  closely  resemble  the  above-described  jaws  of  Paehygoma 
incurvaia,  that  it  appears  to  me  that  they  may  be  safely  referred  to  the  same 
genus,  and  not  improbably  to  the  same  species. 

The  identification  of  a  Panchet  fossil  in  the  much  lower  Maleri  horizon  is  a 
matter  of  some  interest,  as  hitherto  the  fossils  from  these  two  horizons  have 
been  entirely  distinct.  The  present  determination  makes  a  closer  link  between 
these  two  series  of  the  great  Qondwana  system. 

GoNiOGLTPTUS  HtJXLETi  (nohis)  ffom  the  Panchet  group. — Another  specimen 
from  the  Panchet  rocks,  represented  in  figures  5  and  8  of  the  accompanying 
plate,  consists  of  the  hinder  portion  of  the  left  ramus  of  the  mandible  of  a  com- 
paratively large-sized  labyrinthodont.  Figure  5  gives  a  view  of  the  articular 
cavity,  and  figure  8  of  the  outer  surface  of  thip  specimen.  It  will  be  remem- 
bered that  in  the  above- quoted  memoir^  Professor  Huxley  described  and 
figured  a  slender  labyrinthodont  mandible,  which  he  provisionally  referred  to 
Oonioglyptus  longtrostris,  a  species  named  from  the  evidence  of  afragementary  skull 
from  the  Panchet  rocks.  The  relatively  common  occurrence  of  fragments  of  both 
these  skulls  and  mandibles  in  those  rocks  renders  it  almost  certain  that  this 
provisional  determination  is  correct,  and  it  will  henceforth  be  assumed  to  be  so. 

The  fragmentary  ramus  figured   here    comprehends  only  a  portion  of  the 
articular  and   angular  elements,  the  supra-angular  having  been  nearly  all  worn 
away,  the  cavity  for  articulation  with  the  quadrate  and  the  superior  part  of  the 
articular  and   angular  elements    being   the   only  perfect  portions.     This  jaw 
belonged  to  an  animal  nearly  three   times  the   dimensions  of  the  one  to  which 
belonged  the  jaw  figured  by  Professor  Huxley  :  it  would,   however,  be  doubtful 
whether    size    alone  would  afford    grounds  of    specific    distinction,   were   it 
not  supplemented   by  certain   differences    in    form.      The    general    form   of 
the   larger   mandible  agrees   so   nearly  with  that  of  Gonioglyptiu  hmgirostris^ 
that  there  is  every  probability  of  the  two  having  belonged  to  the  same  genus.  The 
following  points  of  difference  may,  however,  be  indicated : — In  O.  longirodris  the 
sculpturing  on  the  internal  surface  extends  down  to  the  sharp  interior  border 
of  the  jaw,  throughout  its  length.     In  the  larger  jaw,  on  the  other  hand,  the 
sculpture  occupies  only  the  upper  two-thirds  of  the  hinder  portion  of  the  outer 
surface,  there  being  a  wide  and  deep  groove  on  the  portion  unoccupied  by  the 
sculpture.     The  two  diverging  grooves,  so  conspicuous  on  the  outer  side  of  the 
mandible  of  G,  longirosti-is,  immediately  below  the  articular  cavity,  are  only  very 
faintly  indicated  in  the  larger  jaw.    There  is,  further,  a  considerable  difference  in 
the  sculpture  of  the  two  specimens,  which,  though  easy  to  recognise,  is  difficult 
to  describe. 

The  foregoing  differences  appear  to  me  to  forbid  our  referring  the  two 
mandibles  to  the  same  species,  and  I  therefore  propose  to  form  a  new  species 
for  the  larger  jaw,  which  may  be  named  Goniogly^ptm  huxleyi.    Judging  from  the 

»  p.  5,  pi.  VI,  fig.  2. 
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size  of  the  fragment  of  the  mandible,  this  animal  must  have  attained  a  length  of 
at  least  5  or  6  feet. 

LahyrinthodontSymphy  818  from  the  Panehet  group. — In  figure  6  of  the  accompany- 
ing plate,  there  is  represented  the  inferior  view  of  the  right  half  of  the  symphysis 
of  the  mandible  of  a  labyrinthodont  from  the  Panchet  rocks.  The  figured  under- 
surface  shows  a  portion  of  the  bone  marked  with  sculpture  like  that  of  Gonio- 
glyptu8,  and  internally  to  this  an  exposed  surface  which  would  seem  to  have  arti- 
culated with  a  produced  splenial  element.  The  superior  surface  (not  figured) 
has  been  somewhat  rolled,  and  only  shows  sections  of  the  teeth.  These  comprised 
a  marginal  series,  and  one  larger  solitary  tooth,  placed  more  internally,  near  the 
fijmphysis.  The  superior  surface  is  nearly  flat,  while  the  inferior  gradually 
dopes  upwards  from  the  hinder  border  of  the  symphysis  to  the  anterior  border, 
which  consequently  forms  a  sharp  edge. 

The  form  of  the  symphysis  shows  that  this  jaw  cannot  belong  to  Pachygonia 
in  which  the  anterior  border  of  the  symphysis  forms  a  vertical  wall  in  place  of  a 
sharp  edge.  It  may  belong  to  one  of  the  species  of  Oonioglyptu$,  but  this  cannot 
be  certainly  determined. 

Mandible  of  Gltptognathus  fbagilis  {nobis)  from  the  Panchet  group  — In  my 
note  on  Gondwana  vertebrates  in  the  last  volume  of  this  publication,  already 
quoted,  a  mandible  of  a  labyrinthodont  from  the  Panchet  rocks  was  described 
though  not  named,  and  shown  to  be  different  from  the  mandible  either  of 
Gonioglyptua  or  Pachygonia,  This  specimen  has  now  been  figured  in  the  accom- 
panying plate  (fig.  1),  and  it  may  be  well  to  recapitulate  the  main  points  of 
the  description  already  given.  The  fragment  comprises  the  greater  portion  of 
the  right  ramus  of  the  mandible,  showing  the  articular  cavity,  and  the  gi'eater 
part  of  the  dentary  element.  The  bases  of  six  anchylosed  teeth  ai*e  shown, 
decreasing  in  size  from  before  backwards.  The  teeth  are. sub-elliptical  in  cross- 
section^  the  transverse  diameter  being  the  longer.  The  portion  of  the  jaw 
remaining  is  quite  straight,  very  slender,  rounded  interiorly,  and  sculptured  ex- 
ternally. 

The  jaw  of  Qonioglyptus  longirostris^  besides  being  larger  than  the  present 
specimen,  is  distinguished  by  presenting  a  trenchant  edge,  free  from  teeth,  for 
some  distance  in  advance  of  the  articular  cavity  ;  while  the  jaw  of  G.  hvxleyi  is 
at  once  distinguished  by  its  enormously  larger  dimensions.  The  jaw  of  Pachygonia 
incurvata  makes  no  approach  to  the  present  specimen. 

There  is,  therefore,  no  doubt  but  that  this  jaw  does  not  belong  to  any  of  the 
named  Panchet  labyrinthodonts ;  and  as  I  am  unable  to  identify  it  with  any  form 
from  other  parts  of  the  globe,  and  as  it  is  highly  inconvenient  to  have  to  refer  to 
species  without  any  generic  or  specific  name,  I  propose  to  provisionally  designate 
the  species  to  which  the  jaw  belonged  as  Glyptogruithus  (yXv^w,  yydBo^)  fragilis. 
Though  the  specimen  is  not  quite  perfect  posteriorly,  it  seems  probable  that  it 
had  no  *  supra  (post)  articular '  process,  whence  it  would  belong  to  Professor 
Miall's  group  of  Brachyopinsa,  Qotiihglypttu,  and  Pachygonia,  belonging  to  the 
group  Euglypta,  in  which  that  process  is  present.^ 

'See  Miall.    "Beport  on    the  structure    and  clawification  of  the   LabyriuthodonU."  Brit. 
Amoc,  Rep.,  1874. 
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Lahyrinthodunt  vertehrm  from  Maleri. — Among  the  specimens  collected  by  tlie 
late  Mr.  Hislop  in  the  rocks  of  the  Maleri  group,  and  sent  to  Professor  Huxley, 
are  certain  amphicoeloos  yertebrss  of  considerable  size,  which  almost  certainly 
belonged  to  some  form  of  labjrinthodont.  One  of  the  more  perfect  of  these 
bones  is  represented  in  figure  7  of  the  accompanying  plate.  It  is  impossible  to 
determine  the  genns  of  animal  to  which  these  bones  belonged,  and  they  are  men- 
tioned here  merely  to  indicate  the  existence  of  a  large  labyrinthodont  among  the 
Maleri  f  anna. 

It  has  been  suggested  to  me  whether  the  large  dermal  scutes  found  at  Maleri 
and  elsewhere  might  not  hare  belonged  to  the  batrachian  rather  than  to  the 
crocodilian  (Parasuehus)  to  which  they  have  hitherto  been  referred.  In  regard 
to  this  question,  it  may  be  observed  that  dermal  scutes  and  crocodilian  rertebre 
have  been  found  in  association  at  a  place  (Bewah)  where  no  batrachian  remains 
have  been  discovered ;  also  that  at  Maleri  scutes  and  crocodilian  vertebne  are 
very  common,  while  only  five  batrachian  vertebraB  are  known ;  and,  finally,  that  the 
generally  quadrangular  form  and  bevelled  edges  of  the  scutes  indicate  crocodilian 
rather  than  batrachian  owners.  It  is,  however,  quite  possible  that  some  of  these 
scutes  may  have  belonged  to  the  latter. 

DESCRIPTION  OF  PLATE, 

Gltptoonathus  fbagilis,  (Lyd.).    Hinder  portion  of  right  ramus  of 

the  mandible.     Panchet  group. 
Pachtoonia  ingubvata  (Hux.).     Anterior  portion  of  right  ramus  of 

the  mandible ;  left  ramus  restored.     Panchet  group. 
Pachtoonu  (?)    INCUBVATA    (Hux.).    Portions    of    the  mandible. 

Maleri  beds, 
GoNiOGLTPTUS  HUXLETI  (Lyd.).    Upper  view  of  articnlar  cavity  of 

left  ramus  of  the  mandible.     Panchet  group. 
GoNiOQLTPTTJS  P  sp.     Superior  view  of  right  half  of  the  symphysis 

of  the  mandible.     Panchet  group. 
Labyrinthodont  vertebra.    Maleri  group. 
GoNiOGLTPTUS  HUXLETI,  (Lyd.).     Lateral  view  of  hinder  portion  of 

left  ramus  of  the  mandible.     From  the  same  specimen  as  that 

represented  in  figure  5. 
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Note  on  some  Siwalik    and  Janma  Mammals  by    R.  Ltdbkkeb,  B.A,  F.Z.S.^ 

Geological  Snruey  oj  India, 

Htjbna  Siyalensis  (Falc.  and  Oaut.) 

In  a  recent  number  of  the  *  Records  '*  Mr.  Bose  has  re-opened  the  question  as 
to  the  existence  of  one  or  two  species  of  Siwalik  hycenas.  In  this  notice  the 
correctness  of  my  own  measurements  of  the  specimens  in  the  Indian  Museum 
having  been  called  in  question,  I  am  compelled,  much  as  controversies  are  to  be 
deprecated,  to  vindicate  my  own  statements. 

*  Supra,  Vol.  XIV,  p.  266- 
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It  would  appear  that  from  an  nnfortunate  grammatical  inaccuracy  of  mine, 
Mr.  Bose  took  another  skull  for  the  one  in  which  the  small  upper  molar 
was  stated  to  exist,  and  hence  concluded  mj  measurements  were  wrong.  ^  In 
order  that  the  question  may  be  settled,  as  far  as  this  point  goes,  and  also  to 
remove  any  personal  element  from  the  matter,  Mr.  J.  Wood-Mason,  Deputy 
Superintendent  of  the  Indian  Museum,  has  been  kind  enough  to  measure  the 
transverse  diameter  of  the  tubercular  molar  in  all  the  three  sknlls  of  Siwalik 
hjsenas,  in  the  Indian  Museum.*  In  the  following  table  these  measurements  are 
given,  together  with  Mr.  Bose's  measurements  of  the  corresponding  teeth  in  the 
two  British  Museum  specimens.  In  the  second  column  of  the  table  the  presence 
or  absence  of  the  first  upper  premolar  is  indicated,  respectively,  by  a  cross 
or  a  qrpher  :— 

TnnBTene  diameter  Presence  or  absence 
of  inbercular.  of  I  p.iii. 

a.  Indian  HoJienm  skull  D.  44        • 0^  -|. 

i.       »  ,»  „      D.  47       .        . 

c.  British        „       type  of  H,  Hvalen$is 

d.  Indian         „       skull  D.  46        • 

e.  British        „       type  of  ff.  felina 

A  fragment  of  the  maxilla  of  another  Siwalik  hyssna  in  the  Indian  Museum 
(D.  101)  has  the  tubercular  molar  of  the  same  transverse  diameter  as  in  the 
sknll  d ;  its  shorter  diameter  is,  however,  0*19,  in  place  of  0*23. 

In  spite  of  my  grammatical  blunder,  it  is  rather  difficult  to  understand  how 
Mr.  Bose,  with  the  three  skulls  before  him,  could  have  overlooked  the  above- 
mentioned  differences  in  the  dimensions  of  the  tubercular  molars,  and  committed 
himself  to  the  statement  that  "  all  the  three  skulls  in  the  collection  of  the  Indian 
Museum  agree  in  respect  of  the  size  of  the  upper  tubercular." 

Taking  into  consideration  the  graduated  scale  of  the  variations  in  the  size 
of  that  tooth  as  indicated  in  the  table,  it  appears  to  me  that,  from  this  point  of 
view,  there  are  not,  as  I  stated  before,  sufficient  grounds  for  making  more  than 
one  species.  It  will  be  noted  that  the  difference  in  size  of  the  tooth  in  question 
in  the  skulls  a  and  d  on  the  one  hand,  and  d  and  e  on  the  other,  is  the  same. 

If  any  division  were  made  of  the  skulls,  including  the  maxilla,  it  appears  to 
me  that  it  would  be  necessary  to  make  six  species. 

The  table  further  illustrates  the  extreme  irregularity  in  the  development  of 
the  first  premolar,  which,  in' his  original  paper,  Mr.  Bose  considered ,  to  be  an 
important  character  of  his  H.  felma*  The  development  or  non-development  of 
this  tooth  is  seen  to  bear  no  relation  to  the  size  of  the  tubercular. 

Although  Mr.  Bose  in  his  last  notice  seems  to  rely  on  the  small  size  of  the 
tubercular  as  the  distinctive  character  of  his  species,  still  he  mentions  that  his 

>  The  skull  mentioned  by  Mr.  Bose  is  No.  D.  47,  while  the  one  I  referred  to  is  D.  46, 

'Mr.  Wood-Mason's  measurement  of  the  tubercular  in  D.  45  is  somewhat  larger  than  mine. 

'  Mr.,6oee's  measurement  is  0*6. 

<  Mr.  Bose  ('  Quar.  Jour.  Geol.  Society/  Vol.  XXXVI,  p.  131)  remarks  on  the  constancy  of  this 
tooth  in  all  known  species  of  Hjf€Bna,  both  living  and  fossil,  except  his  H,  feUna,  A  cast  of  a 
fckall  of  U,  txima  from  I^ermi,  exhibited  in  the  British  Museum,  shows  the  absence  of  this 
tooth. 
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type  skull  of  H.  felina  is  distingnished  by  its  g^reater  shortness  and  breadth  from 
his  H,  sivalensis.  It  is,  indeed,  perfectly  true  that  there  is  a  very  considerable 
difference  between  the  form  of  the  sknlls  a  and  e,  the  former  being  elongated 
and  the  latter  wide.  But  then  the  skull  h  is  intermediate  in  these  respects, 
approaching,  however,  in  its  wide  palate,  nearer  to  e  than  to  a. 

It  is  not  easy  to  see  the  force  of  the  support  Mr.  Bose  seems  to  derive  from 
the  confusion  made  by  the  Editor  of  the  '*  Palsaontological  Memoirs  "  over  tbe 
application  of  the  name  FelU  eristaia,  as  was  pointed  out  by  Mr.  Bose  himself 
in  his  original  paper.' 

Finally,  as  was  mentioned  in  my  previous  notice,  I  think  from  the  materials 
available  to  him,  Mr.  Bose,  following  the  lead  of  Dr.  Falconer,*  was  probablj 
right  in  making  two  species  of  Siwalik  hyenas.  The  fuller  materials  available 
in  India,  however,  seem  to  me  to  point  to  the  oonclusion  that  not  more  than  one 
species  can  at  present  be  determined. 

Tbaoulus  sivaleksis,  nobis.,  n.  sp. 

An  upper  molar  tooth  of  a  small  ruminant,  from  Mr.  Theobald's  collection 
from  the  Siwaliks  of  the  Punjab,  is  indistinguishable  from  the  corresponding 
tooth  of  the  living  Tragulus  indicuSy  and  doubtless  belonged  to  an  animal  of  the 
same  genus.  Since  it  is  impossible  to  distinguish  the  different  living  species 
from  the  characters  of  the  teeth  alone,  it  seems  best  to  indicate  the  fossil  by  a 
distinct  provisional  name,  which  I  propose  should  be  sivalefisis. 

Evolution  of  the  Giraffes. 

A  study  of  the  limb-bones  and  cervical  vertebrce  of  fossil  Siwalik  giraffe-like 
and  sivatheroid  animals  in  the  collection  of  the  Indian  Museum,  has  shown  that 
the  Siwalik  giraffe  was  very  like  the  existing  species  in  the  proportions  of  its 
limb-bones.  Nearly  allied  to  this  giraffe  was  another  long-limbed  ruminant,  the 
leg-bones  of  which  were,  however,  considerably  shorter  than  those  of  the  giraffe  • 
this  ruminant  is  possibly  the  same  as  Vishnutlierium.  Next  in  the  series  we 
have  Hydaspitherium,  whose  limb-bones  were  considerably  shorter  and  stouter 
than  those  of  the  last  form,  but  longer  and  slighter  than  those  of  Sivatkeriwn. 
Finally,  those  of  the  latter  genus  have  the  proportions  ordinarily  prevailing 
among  the  ruminants. 

It  is  not  pretended  that  the  above  is  the  direct  line  of  the  evolution  of  ihe 
giraffes,  but  it  may  be  taken  as  a  true  indication  whence  these  remarkable  rumi- 
nante  yifere  evolved.  The  specimens  examined  indicate  that  the  families  Camelo- 
pardalidsB  and  Sivatheridte  should  be  amalgamated. 

The  details  on  which  these  conclusions  are  founded,  will  be  published  here- 
after in  the  "  Palseontologia  Indica." 

*  pp.  128, 130. 

'  Dr.  Falconer,  in  a  letter  to  the  late  M.  de  Blainville,  dated  4th  October  1847>  referred  to  the 
probability  of  there  being  two  species,  both  of  Siwalik  hyenas  |and  tigers.  (See  **  PaL  Mem.t" 
VoU^  "  Conigenda  and  Addenda.") 
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Helladothebiuh. 

In  figure  1  of  plate  A  of  the  nnpublislied  plates  of  the  "Fanna  Antiqua 
Siyalensis,"  ^  the  sknll  of  a  large  hornless  ruminant  from  the  Siwaliks  is  repre* 
senied  under  the  name  of  the  female  of  Sivatherium  gigantewm. 

In  describing  the  skull  of  Helladotherium  duvemoyi  from  Attica,  M.  Gaudiy 
writes  in  reference  to  a  cast  of  the  above  skull,*  "  le  cr&ne  a  la  m^me  taille  que 
celoi  de  V Helladotherium,  et  la  ressemblance  g^n^rale  est  frappante ;  a  la  v^rit^, 
ses  pr^olaires  sont  nn  pen  plus  grandes  comparativement  aux  arri^re-molaires, 
sa  face  palatine  s'avance  moins,  ses  condyles  occipitaux  ne  sont  pas  aussi  forts, 
la  face  post^rieure  n'a  pas  de  chaqne  c6te  de  la  crete  occipitale  un  enfoncement 
profond.  Mais,  si  on  tient  compte  des  Tariations  qu'un  animal  a  pu  subir  en 
passant  de  TEurope  dans  Tlnde,  on  sera  sans  doute  dispose  It  rapporter  le  cr&ne 
dont  je  parle  h  I'esp^ce  de  Gr^oe.  M.  Falconer,  qui  a  examine  nos  fossiles, 
penche  Ters  cette  opinion." 

I  have  not  hitherto  admitted  Helladothertum  into  the  Siwalik  fauna,  but  a 
careful  comparison  of  the  cast  of  the  above-mentioned  skull  with  M.  Gaudrj's 
figure  of  the  skull  of  Helladothertum  leaves  no  doubt  in  my  mind  that  the  two 
skulls  belong,  at  all  events,  to  the  same  genus.  The  question,  of  course,  suggests 
itself  as  to  whether  Helladothertum  can  be  the  female  of  Sivatherium,  but  this  is 
negatived  by  the  greater  length  of  limb  of  the  former  animal. 

The  original  assignation  of  the  skull  in  question  to  the  female  of  Sivatherium 
seems  only  to  have  been  a  guess,  founded  upon  the  similarity  of  the  teeth,  as 
the  skull  really  presents  no  marked  resemblance  to  that  of  the  latter  genus. 
Judging  from  the  analogy  of  the  giraffe, — the  nearest  living  ally  of  these  fossil 
animals, — ^it  would  be  more  probable  that  when  horns  were  developed  at  all,  they 
were  present  in  both  sexes. 

It  is  somewhat  remarkable  that  the  late  Dr.  Murie,  in  his  memoir  of  Sivor 
therium^  *  makes  no  mention  of  M.  Ghi^udry's  reference  of  the  so-called  female  of 
that  genus  to  Helladotherivmi, 

I  think  the  Indian  species  must  be  provisionally  known  as  H.  duvemoyi,  as  its 
sktdl  seems  to  present  no  su£Scient  points  of  distinction  from  the  Attic  form. 

HiPPOPOTAMXTS  IRAVATIGUS  (Fslc.  and  Cant.) 

In  the  "  Fauna  Antiqua  Sivalensis,"  according  to  the  lettering  of  the  plates, 
and  their  posthumous  description,  all  the  remains  of  hippopotamus  from  the  sub- 
Himalayan  Siwaliks  are  referred  to  H,  sivalensis.  Two  ^agments  of  the  sym- 
physis of  a  six-toothed  mandible  are,  however,  represented  in  figures  10  and  11 
of  plate  LVII  of  that  work  under  the  name  of  H.  iravaticus,  and  came  from  Ava. 
No  other  specimens  are  figured  under  the  same  name  ;*  and  as  no  description  is 
given,  the  grounds  on  which  Dr.  Falconer  specifically  distinguished  these  speci- 

«  Autotype  copies  of  these  plates  can  be  obtained  at  the  British  Museum. 
•  «  Animanz  Fossiles  et  Geologic  de  I'Attique,"  p.  260. 

»  •'  Geological  Magazine",  Vol.  yiii,  p.  438.  M.  Gaudry's  work  was  published  in  1862,  and 
Dr.  Marie's  memoir  in  1871. 

«  Except  a  radios  in  plate  buuiii«  fig.  12. 
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mens  are  unknown.     The  Ava  specimens  seem,  however,   to  be  of  smaller  size 
than  the  others. 

In  the  Indian  Museum  there  is  the  lower  end  of  the  left  radius  of  a  very 
small  hippopotamus  from  Ava,  described  by  Dr.  Falconer  in  his  catalogue  of  the 
Siwalik  collection  of  the  Asiatic  Society  of  Bengal  (No.  A  303)  *  as  belonging  to 
his  H,  iravaticus,  stated  to  correspond  very  closely  with  the  specimen  represent 
ed  in  plate  LXV,  figure  18,  of  the  "  Fauna  Antiqua  Sivalensis"  (as  H.  sivalensls). 
In  the  same  catalogue  another  bone  (No.  A.  307)  is  described  as  belonging  to 
H.  iravaticus  in  the  following  words :  "  Lower  end  of  left  femur,  showing  the 
articulating  condyles  and  a  part  of  the  shaft,  both  much  weathered  and  the 
surface  abraded,  so  as  to  render  the  character[s]  indistinct.  The  bone  is  pro- 
portionately of  much  smaller  size  than  Hippopotamtu  sivalensis,  and  would  thus 
agree  with  the  dimensions  of  the  radius.  No.  303,  and  with  specimens  assigned  to 
Hippopotanms  iravaticus  in  the  "  Fauna  Antiq.  Sival.*** 

This  is  all  that  is  known  regarding  the  species,  from  which  we  gather  that  its 
remains  were  obtained  from  Ava,  that  it  was  *hexaprotodont,*  and  that  it  was  of 
much  smaller  dimensions  than  H.  sivalensis^  which  equalled  in  this  respect  the 
large  African  species. 

During  a  recent  visit  to  England,  Mr.  W.  Davies,  of  the  British  Museum, 
showed  me  several  limb-bones  of  a  very  small  but  adult  hippopotamus  from  the 
Siwaliks,  which  w€f  considered  must  probably  belong  to  H.  iravaticus. 

In  recently  cataloguing  the  remains  of  Siwalik  hippopotamus  in  the  Indian 
Museum,  a  left  ramus  of  the  mandible  (No.  B.  395)  has  from  its  small  dimensions 
appeared  to  me  very  probably  to  belong  to  Falconer's  H,  iravaticus.  The  follow- 
ing are  the  dimensions  of  this  specimen  compared  with  those  of  the  jaw  of 
H,  sivalensis, 

H.  irftTatieofl.    H.  BtTalenns. 

Depth  of  jaw  at  2nd  tme  molar       .        .        .        •        .  4*2  4*4 

Length  „  five  last  teeth 77  8*5 

„       „  first  true  molar 1*21  1*5 

Width  „    „      „      „               0-96  1-3 

Length,,  2nd    „      „               1*68  1*9 

Width  „    „     „      «               1-22  1-55 

Length  „8rd    „      „               2*2  2*82 

Width  „    „     „      „                1-3  1*6 

These  dimensions  show  that  while  the  depths  of  the  two  jaws  are  practically 
the  same,  there  is  a  great  difference  in  the  size  of  the  teeth  :  the  hinder  border  of 
the  symphysis  is  also  placed  farther  forward  in  the  smaller  jaw.  The  pattern  of 
the  grinding  surfaces  of  the  molars  in  all  species  of  hippopotamus  is  so  similar 
that  no  grounds  of  distinction  can  be  drawn  from  their  teeth. 

Although  distinctions  merely  on  the  ground  of  differences  of  size  require  to 
be  received  with  extreme  caution,  y^t  the  proportions  observed  in  the  jaw  before 

'  See  "  Pal.  Mem.,*'  Vol.  I,  p.  142. 

*  The  instance  of  the  small  radius  figured  in  plate  LXV,  fig.  IS,  leaves  it  doubtful  whether 
this  statement  applies  to  the  mandibles  figured  as  S,  iravaticus,  or  to  limb-bones  figured  as 
2r.  sivalensis. 
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us,  as  compared  Tvitli  those  of  the  jaw  of  H,  alvalensis,  seem  to  point  to  the 
correctness  of  Dr.  Falconer's  conclusions  as  to  the  existence  of  a  second  smaller 
species  of  Siwalik  hippopotamns. 

Mammalun  fossils  from  the  Jamna  alluyium. 

Mr.  J  Gockbnmy  of  the  Opium  department,  has  recently  presented  to  the 
Indian  Museum  a  small  series  of  mammalian  bones,  collected  bj  him  in  the  older 
pleistocene  alluvium  of  the  Jamna  and  its  tributaries,  in  the  B&nda  district.  These 
remains  are  in  most  cases  thoroughly  mineralised,  like  the  Narbada  fossils.  Thej 
are,  however,  with  a  few  exceptions,  in  a  veiy  fragmentary  condition,  so  that  their 
specific  determination  is  impossible.  They  may  be  referred  to  the  following  seven 
genera,  viz,,  El^has,  Bos  or  Bubalus,  Portaa,  Antilope,  E^inoceros,  Equu$  and 
Felis. 

The  antelope  seems  to  be  identical  with  the  black-buck,  A,  cervicapra.  The 
rhinoceros  cannot  be  specifically  determined,  but  as  it  was  furnished  with  lower 
incisors,  it  cannot  have  been  R.  decccmensis  of  the  Krishna  valley  pleistocene  :  it 
maj  have  been  B.  indicus.  The  species  of  Felts,  a  genus,  like  the  last,  hitheidK) 
anknown  from  these  deposits,  is  represented  by  a  nearly  perfect  specimen  of  the 
right  scapho-lunar  bone,  which  is  of  slightly  larger  size  than  the  corresponding 
bone  of  a  full-sized  Bengal  tiger.  Beyond  this  slight  difference  in  size,  the  two 
bones  do  not  present  any  appreciable  points  of  distinction,  and  may  have  very 
probably  belonged  to  the  same  species.  It  would,  however,  be  rash  on  this 
scanty  evidence  to  say  that  the  pleistocene  tiger  was  certainly  the  same  as  the 
living  species. 

With  the  remains  of  a  small,  specifically  indeterminable,  horse  was  associated 
a  small  chipped  agate  flake,  and  other  similar  flakes  were  obtained  in  the  same 
deposits. 

It  is  unfortunate  that  none  of  the  ma.mma1ian  bones  can  be  more  accurately 
determined,  so  that  they  might  be  identified  with  Narbada  species  found  elsewhere 
in  these  deposits  ;  but  it  is  almost  certain  that  they  belong  to  the  same  epoch, 
and  thus  afford  another  instance  of  the  association  of  the  works  of  men  with 
pleistocene  mammals. 

The  list  of  mammals  recorded  from  the  older  Jamna  alluvium  is  now  as 
follows  :— 

Semnopithocus,  sp. 

Euelephas  namadicus  (F.  and  C.) 

Felis,  sp. 

Mus.,  sp. 

Bhinoceros,  sp, 

Equus,  sp. 

Hippopotamus  palseindicus  (F.  and  C.) 

Sus,  sp. 

Bubalus  palsindicus,  (F.  and  G.) 
?  Bos,  sp. 

Pprtax,  sp. 

Antilope  cervicapra  (Pal.) 

I 
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The  Oeology  of  Dalhousie,  North-WeaUHimahtya^'^By  Colonel  C.  A.  McHahov, 

P.  G-.  S.  (with  a  map). 

In  beauty  of  scenery,  Dalhonsie  will  bear  favourable  comparison  with  any  other 
hill  station  in  the  Himalayas  north  of  Darjiling.  Richly  wooded  with  oak, 
rhododendron,  and  the  spruce  and  silver  firs  {Ahiei  smithiana  and  Pieea  web- 
6 1  ana),  an  occasional  deodar  cedar,  horse  chestnut,  or  other  deciduous  tree,  give 
variety  to  the  foliage ;  whilst  boldly  jutting  crags  of  gneiss  and  granite  impart 
an  element  of  wildness  to  the  scene. 

The  yiew  on  all  sides  is  almost  equally  good.  Towards  the  plains,  the  claji 
and  conglomerates  of  the  Siwalik  series,  bright  red  in  the  glancing  sun,  maj  be 
seen  rising  in  fantastic  pinnacles  next  the  Nahan  sandstones  ;  and  then  fading 
away  in  soft  undulations,  the  warm  green  of  the  Pintu  longifolia^  with  which  tkej 
are  clad,  blending  into  the  deep  blue  of  the  distant  horizon,  where  the  riren 
Bdvi,  Chaki,  and  Bias,  glow  like  streaks  of  molten  silver  in  the  glory  of  the 
setting  sun.  On  a  clear  day,  after  heavy  rain,  the  Ghindb  may  also  be  seen  in 
the  far  distance. 

Towards  the  north  one  looks  down  upon  a  perfect  labyrinth  of  mountains, 
whilst  snowy  peaks,  21,000  feet  high,  shut  in  the  view. 

The  Dhular  Dhdr  (Dhauladh&r)  range  ends  somewhat  abruptly  at  Dalhonsie, 
where  it  attains  an  elevation  of  9,103  feet  above  the  sea.  On  the  east,  north,  and 
west  of  Dainkund,  the  river  Rivi  flows,  in  its  course  to  the  plains,  at  an 
elevation  of  3,033  feet  at  Chamba,  and  of  about  2,260  feet  near  Kairi.  As  the 
elevation  of  the  district  embraced  in  this  paper  ranges  from  9,200  to  2,200  feet 
above  the  sea,  it  will  be  readily  understood  that  the  ground  is  difficult  to 
traverse  ;  and  that  it  would  have  been  impossible  for  me,  with  the  limited  time 
at  my  disposal,  to  have  followed  throughout  its  entire  length  the  line  of  ont-crop 
of  each  of  the  rock  series  described.  I  have  done  so,  however,  to  some  extent, 
and  have  made,  map  in  hand,  so  many  traverses  at  right  angles  to  the  strike, 
that  the  accompanying  map  may  be  relied  on.  Until  we  have  a  more  accurate 
map  to  work  with,  it  would  be  mere  waste  of  time  to  attempt  to  mark  the 
boundaries  of  the  different  series  in  closer  detail  than  I  have  done. 

As  it  forms  no  part  of  the  object  of  this  paper  to  describe  the  tertiary  series, 
I  have  only  roughly  sketched  in  the  boundary  line  between  the  Siwaliks  and 
the  N&hans.  I  note,  however,  in  passing  that  the  Siwalik  conglomerates  contain 
numerous  pebbles  and  boulders  of  the  granitoid  gneiss  of  the  Dhulardh4r  and 
of  the  trap,  about  to  be  described,  from  which  it  is  clear  that  both  these  series 
were  exposed  when  the  Siwaliks  were  laid  down. 

The  Volcanio  Series. 

A  considerable  thickness  of  trap  is  found  in  abrupt  contact  with  the  rocks  of 
tertiary  age  all  along  the  line.  The  trap  is  of  compact  texture  and  of  greenish- 
gray  colour  on  its  fractured  surface^  with  occasional  purplish  patches  in  it.  It 
usually  weathers  from  a  light  brown  to  a  rusty  brown  colour ;  but  sometimes  it 
varies  from  sage  green  to  a  purplish  neutral  tint.  The  sage  green  variety  scarcely 
weathers  at  all. 
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Amjgdiiles  abonnd  near  the  upper  and  lover  boundaries  of  the  rock,  and  are 
oocasicHiaUy  to  be  seen  in  the  more  central  portions.  There  are  four  yarieties  of 
these  amjgdnles,— white  and  red,  and  white  centres  with  red  borders,  and  green 
oentieB  with  red  borders.  The  two  first  mentioned  are  the  most  common.  The 
amjgdnles  are  of  moderate  size.  The  rock  gives  no  surface  indication  of  bed- 
ding. 

At  page  607  of  the  Manual  of  the  G-eologj  of  India,  it  was  suggested  that  the 
trappean  rocks  of  the  Lower  Himalayas^  are  of  post-nummulitic  age ;  the  fact 
tbat  the  trap  rarely  penetrates  the  tertiary  rocks  is  noted,  and  the  question  is 
asked,  "  Can  the  explanation  of  this  apparent  anomaly  be  that  the  origin  of  this 
iDtmsiye  rock  is  rather  innate  than  hypogene?"  The  rocks  to  which  these 
remarks  would  be  applicable  must,  I  consider,  be  difEerent  from  those  now  under 
consideration. 

Very  similar  rocks  occur  in  Kashmir,  and  from  Mr.  Lydekker*s  description  of 
them,^ — ^from  the  few  specimens  sent  me  for  microscopic  examination,'  and  from 
their  mode  of  occurrence, — I  think  they  represent  the  traps  under  consideration. 
At  first  Mr,  Lydekker  seemed  disposed  to  consider  the  Kashmir  traps  to  be  of 
metamorphic  origin,^  but  he  gradually  came  to  the  conclusion  that  they  are 
"  truly  eruptive  rocks.  •  " 

A  microscopical  examination  of  thin  slices  of  the  traps  described  in  this  paper 
has  quite  satisfied  me  that  they  are  more  or  less  altered  lavas.  I  reserve  the 
further  discussion  of  this  branch  of  the  subject  for  a  subsequent  paper  which 
I  propose  to  devote  to  microscopic  petrology. 

In  the  Dalhousie  area  these  ancient  lavas  attain  their  greatest  thickness  be- 
tween Nagali  and  Kande  (Kandao),  and  the  ridge  running  thence  in  a  northward 
direction  down  to  the  B&vi  is  composed  of  them.  Beyond  the  river  the  band 
narrows,  and  beyond  Kairi  bends  sharply  round  to  the  west.  The  last  I  saw  of 
tiiem  in  that  direction  was  in  the  bed  of  the  river  which  flows  into  the  B&vi  at 
Kairi,  and  forms  the  boundary  between  the  Kashmir  and  Chamba  states.  I  have 
not  had  an  opportunity  of  exploring  the  country  over  the  Kashmir  border. 
The  dimbiDg  along  the  bed  of  this  river  at  the  point  indicated  is  very  difficult, 
and  I  do  not  recommend  it  to  any  one  who  is  not  a  good  cragsman.  In  its 
southerly  extension,  the  trap  widens  somewhat  at  the  elbow-like  bend  between 
Lahled  (Lalaid)  and  Chambi,  and  from  thence  it  gradually  narrows  until  it  becomes 
very  thin  at  the  toll-bar  gate  below  the  M&mul  travellers'  bungalow.  It  is  hero  much 
crushed  and  rotten,  and  is  partly  buried  under  talus.  It  is  seen  in  good  condition 
further  down,  between  Butoli  (Patoli)  and  Auhar  (Aur),  and  the  stream  running 
down  from  M&mul  to  the  Chaki,  follows  its  course  for  a  considerable  distance. 

The  boundary  between  the  trap  and  the  Nahan  beds  is  probably  a  faulted  one. 
The  strata  of  the  N&han  sandstones  are  often  obscured  by  vegetation,  but  whenever 
I  have  had  an  opportunity  of  observing  the  dip  near  the  point  of  contact,  it  has 
been  perpendicular  or  nearly  so. 

'  t.e.,  the  lower  mountains  including  and  east  of  the  Simla  region. 
»  Records,  Vols.  IX,  XI,  and  XIV.  »  Records,  XI,  36.  *  Records,  IX,  160. 

>  Records,  XIV,  23. 
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In  the  Chnari  (Chaotari)  sectioii,  the  trap  is  in  contact  with  the  conglome- 
rates of  the  Siwalik  series,  the  Ndhans  having  prohably  been  cnt  off  by  the  fault. 
The  age  of  the  trap  will  best  be  considered  in  connection  with  the  next  series. 

The  Garhoniferous  Limestone  Series. 
The  rock  immediately  in  contact  with  the  trap  along  its  eastern  bonndary  is 
a  qnartzite,  for  the  most  part  of  white  colonr,  as  trans-Bivi  near  Kairi.  There 
follows  a  thick  series  of  shales  and  limestones,  nntil  the  gneiss,  which  bonndB 
this  series  on  the  east,  is  reached.  Next  the  gneiss  the  rocks  consist  of  a  dark 
micaceous  slate  something  between  a  shale  and  a  schist,  which  disintegrates  into  a 
black  "  crush  rock,"  exactly  similar  to  the  "  crush  rock  "  of  the  Simla  area.  A  good 
and  an  extensive  example  of  this  rock  may  be  seen  on  the  descent  from  Dalhousie 
to  Sherpur  (Sairpur).  It  is  here,  especially  when  wet,  almost  coal  black.  This 
dark  slaty  rock  is  not  confined  to  the  eastern  boundary  of  the  series.  I  have  also 
seen  it  at  or  near  the  western  boundary,  as  in  the  river  bed  trans-Bavi,  north  of 
Kairi. 

Occasionally  limestone  is  seen  within  a  few  yards  of  the  gpieiss,  and  appar- 
ently in  actual  contact  with  it.  An  instance  of  this  may  be  seen  in  the  Chniri 
section,  where  the  limestone,  which  is  as  usual  of  dark  blue  colour,  is  sab- 
crystalline  and  contains  cubes  of  iron  pyrites. 

One  of  the  best  sections  of  the  limestone  series  is,  I  think,  to  be  obtained  on 
the  descent  from  Dalhousie  to  Sanddra.  The  gneiss  is  left  a  little  to  the  east  of 
DhaJ6g ;  then  succeed  the  dark  carbonaceous  slates,  which  exhibit  a  hypome- 
tamorphism  in  the  shape  of  micaceous  glazing.  Between  this  and  the  quartzite 
in  contact  with  the  trap,  I  counted  four  strong  outcrops  of  dark-blue  limestone, 
intercalated  with  blue  slates.  The  limestone  is  in  bands  of  from  200  to  250  feet 
broad,  and  in  beds  that  rarely  exceed  2  inches  in  thickness. 

Along  this  section  the  dip  of  the  gneiss  varied  from  about  E  11^  S  to  SE, 
and  the  micaceous  dark  rocks  from  SSE  to  SE  11^  E.  The  blue  slates  dipped 
first  high  W,  then  perpendicular,  and  finally  returned  to  an  E  or  E  11**  S  dip. 
The  limestone  series,  as  a  whole,  dips  into  the  gneiss  all  along  the  line. 
I  think  the  carbonaceous  slaty  rocks  above  described,  which  disintegrate 
under  the  action  of  water  into  black  "  clish  rock,"  are  identical  with  the  "iftfra- 
Krol  '*  slates  of  the  Simla  region,  which,  even  in  that  area,  contain  "  lenticular 
layers  of  limestone. ' " 

The  series  under  consideration  corresponds,  I  think,  completely  with  the 
description  of  the  Kiol  group  given  by  Mr.  Lydekker.^  At  the  bottom  of  that 
group  there  is  a  purple  or  white  quartzite,  and  then  follow  black  shales  oontain- 
iDg  thin  **  bands  of  brittle  coal,"  followed  by  dark-blue  earthy  limestone. 

Mr.  Lydekker  at  one  time  thought  the  Kiol,  which  he  correlated  with  the 
Krol  group,  to  be  of  carboniferous  age,'  but  subsequently  he  concluded  that  both 
the  Krol  and  the  Kiol  are  "  representatives  of  carboniferous  and  trias.*  He  noted 
that ''  some  of  the  shales  of  the  Kiol  are  much  like  those  of  the  infra-Krol,'"  and 
considered  that  the  latter  are  probably  of  carboniferous  age.^ 

^  Memoiff,  III,  29.  *  Records,  XIII,  56  ;  XIV,  40. 

«  Records.  IX,  160.  »  Records.  XIII.  66. 

•  Records,  XI,  43,  62 ;  XIII,  56.  •  Kecoids,  XIII,  56. 
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In  Kashmiry  rocks  of  carboniferous  age  appear  to  pass  by  imperceptible 
degrees  into  those  of  the  Trias  ;^  but  in  the  absence  of  fossils,  from  the  &ct  that 
the  black  carbonaceous  slates  similar  to  those  of  the  "  tTi/ro-Krol "  occur  at  both 
margins  of  the  series,  I  see  no  reason  to  suppose  that  ve  have  at  Dalhousie  re- 
presentatiTes  of  more  than  the  carboniferous  series. 

As  the  quartzite  only  occurs  at  one  margin,  namely,  next  the  trap,  and  is  never 
associated,  in  this  area,  with  the  black  slates  next  the  gneiss,  there  seems  to  be 
no  room  for  the  supposition  that  ve  have  here  a  crushed  anticlinal  flexure  and 
that  the  black  slates  are  repeated. 

I  obeerye  that  in  the  description  of  the  Kiol  series,  given  at  page  160,  Vol. 
IX,  Records,  a  black  shale  is  said  to  occur  next  the  quartzite  at  the  bottom 
of  the  series  (fr),  and  a  black  slate  ((2),  without  an  accompanying  quartzite,  at  the 
top.  In  this  respect,  also,  there  seems  to  be  a  complete  correspondence  between 
the  Dalhousie  and  the  Eliol  series. 

In  some  minor  points  the  limestone  series  of  Dalhousie  corresponds  with  the 
m/ro-Krol  and  Krol  groups.  Sometimes  pale-blue  to  bluish- white  wafery  shales 
occur  in  the  series,  the  iron  in  which  oxydizes  on  exposure  to  yarious  shades  of 
red,  yellow,  and  brown,  which  colours,  combined  with  the  natural  blue  and  white 
of  the  shales,  perhaps  represent  Mr.  Lydekker's  "  polychroic  slates  "  of  Kashmir.* 
Some  of  these  biscuity  shales  remind  me  of  the  "  infi  o-Krol "  shales  to  be  seen  at 
Solan '  and  between  the  Chor  mountain  and  the  G-iri. 

In  the  Chu6ri  section  purple-red  shales  occur,  which  closely  resemble  those  of 
the  Chor  mountain.  They  probably  have  their  origin  in  volcanic  dust  de- 
posited in  water. 

In  many  localities  the  limestones  present  a  banded  appearance,  owing  to 
slaty  layers  of  varying  thickness  being  intercalated  with  the  thin  beds  of  lime- 
stone ;  and  as  the  latter  usually  yields  to  weathering  more  readily  than  the  slaty 
lajers,  a  ribbed  appearance  is  produced.  In  the  river  bed,  trans-Ravi,  these 
slaty  layers  are  lenticular  and  fragmentary,  and  produce  a  curious  graphic  appear- 
ance. I  think  it  is  to  small  fragments  of  this  mud  enclosed  in  the  limestone  that 
tlie  pseudo-fossiliferous  appearance,  sometimes  observed,  is  produced.  I  have 
observed  enclosures  in  some  of  the  Dalhousie  limestones,  which  reminded  me  of 
the  Kakarhatti  rock. 

I  now  pass  on  to  consider  the  age  of  the  trap  and  its  relations  to  the  lime- 
stone  series,  which  I  have  given  reasons  for  believing  to  be  of  carboniferous  age. 

At  page  160,  Vol.  IX,  Records,  Mr.  Lydekker  describes  the  amygdaloids  as 
overlying  the  Kiol  series,  which,  we  have  seen,  he  considers  to  be  of  carbo-triassic 
age;  but  the  series  is  represented  as  inverted.  In  Vol.  XI,  page  36,  the  amyg- 
daloids of  the  Sind  valley  and  Pir  Punjfil  range  are  described  as  being  of  infra- 
carboniferous  age ;  and  at  pages  40  and  49,  they  are  classed  as  the  '*  highest 
Silurians."  In  Mr.  Lydekker's  last  published  paper*  he  gives  many  instances  of 
the  occurrence  of  the  traps  at  the  base  of  the  carboniferous  series  (as,  for  instance, 
at  pages  22,  24,  25,  26,  and  28),  but  the  following  conclusion  is  arrived  at :  — 
"Assuming  an  eruptive  origin  for  the  traps  of  Kashmir,  it  would  appear  that 

*  Becoids^  XIV,  34        *  Records,  XIII,  62.        •  Memoirs,  III,  28.        «  Recoids,  XIV,  1. 
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during  the  silarian  period  very  coDsiderable  ontflows  of  snb-marizie  trap  were 
emitted,  which  were  natnrallj  of  limited  extent ;  that  these  ontflows  prohaUj 
took  place  in  several  localities  and  at  seyeral  distinct  intervals  of  time.  Dnnog 
the  whole  period  of  these  eruptions  oontinnons  deposition  of  stratified  material 
was  taking  place,  the  strata  resulting  from  which  became  intimately  mixed  up 
and  ^amalgamated  with  the  trap,  so  that  it  is  now  extremely  difficult,  or  im- 
possible, to  distinguish  the  different  factors  of  the  strata.  In  certain  localities, 
as  at  Manisbal,''the  outflows  of  trap  must  have  continued  to  take  place  during 
a  part,  or  the  whole,  of  the  carboniferous  period,  and  have  rendered  the  rocb 
of  that  period  also  difficult  of  recognition.'' 

The  lava  flow  of  Dalhousie  must,  from  its  position,  either  be  of  upper  Silu- 
rian or  of  upper  or  post-carboniferous  age,  and  it  is  important  to  decide  to  which 
it  belongs. 

I  think  there  are  more  grounds  for  believing  that  the  traps  of  the  Dalhonsie 
area  are  of  pre-carboniferous  than  of  post-carboniferoos  age.  There  are  diffi- 
culties in  the  way  of  believing  that  an  overflow  of  lav.a  in  the  Kashmir,  Dal- 
housie, and  Mandi  areas  lasted  from  middle  or  upper  silurian  times  to  the  end 
of  the  carboniferous  period.  It  would  be  remarkable  if  these  ancient  volcanoes 
continued  to  pour  out,  through  so  extended  a  period,  one  kind  of  lava  only;  and 
all  that  I  yet  know  about  these  amygdaloidal  traps  leads  me  to  believe  them  to 
be  very  homogeneous  in  their  character.  Moreover,  if  the  lava  flow  lasted  from 
the  silurian  to  the  close  of  the  carboniferous  period,  one  would  expect  to  find 
substantial  bands  of  trap  included  in  that  very  thick  series  of  limestones  that 
pass  by  insensible  degrees  from  the  carboniferous  into  the  trias,  and  the  more  so  if 
the  traps  were,  as  suggested  by  Mr.  Lydekker,  of  sub-marine  origin,  seeing  that 
the  limestones,  in  some  instances  at  any  rate,  must  have  been  laid  down  at  no 
great  distance  from  these  ancient  volcanoes.  I  am  not  aware,  however,  of  any 
considerable  lava  flows  having  been  interposed  between  the  carboniferous  and 
the  triassic  series  in  the  lower  Himalayan  region. 

The  altered  condition  of  the  Dalhousie  traps  to  a  certain  extent  favours  the 
theory  of  their  being  of  great  age ;  whilst  the  fact  that  the  boulders  of  the  trap 
buried  in  the  Siwalik  conglomerates  exhibit  the  same  phase  of  alteration  as 
their  parent  rock  negatives  the  idea  of  the  alteration  being  the  result  of  tangen- 
tial pressure  in  tertiary  times.  A  more  important  fact  is  that  they  occur  below 
the  quartzite  band,  which  is  the  bottom  rock  of  the  Kiel  group  in  Kashmir  and 
of  the  Krol  series  in  the  Simla  area. 

An  apparent  difficulty  occurs  in  the  correlation  of  the  Kiol  to  the  Krol,  from 
the  fact  that,  in  the  Simla  area,  the  black  t7>/ra-Krol  shales  occur  below  the 
horizon  of  the  Krol  quartzite,  whilst  at  Dalhousie  and  at  Kiol  the  black  slates 
occur  above  a  quartzite.  But  I  think  this  difficulty  is  apparent  rather  than  real. 
The  quartzites  may  not  have  been  perfectly  synchronous  in  both  areas,  for  one 
thing ;  and  for  another,  it  is  clear  from  the  examination  of  the  Dalhousie  series 
and  the  recorded  description  of  the  Eliol  rocks,  that  the  period  during  which  the 
carbonaceous  element  was  deposited  was  a  very  extended  one,  for  black  slates  are 
found  at  the  top  and  bottom  of  the  series  ;  and  therefore  it  seems  not  improbable 
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that  Uie  formation  of  the  oarbonaoeons  material  in  tlie  Simla  region,  set  in  and 
died  out  earlier  in  the  carboniferous  age  than  in  the  Dalhonsie  and  Kiol  regions. 

If  the  above  conclusions  are  sound,  it  follows  that  from  the  trap  to  the  top  of 
the  limestone  series  we  have  a  normal  sequence  of  rocks,  ih.e  carboniferous  series 
restiDg  conformably  on  the  upper  Silurian  or  pre- carboniferous  trap — both  being 
&alted  against  the  gneiss. 

I  can  see  nothing  to  countenance  the  idea  that  the  metamorphism  of  the 
(pieiss,  about  to  be  described,  is  due  to  the  development  of  heat  caused  hj  the 
compression  of  strata  in  which  the  carboniferous  limestone  series  was  involved. 
Had  heat  sufficient  for  the  transformation  of  sedimentary  strata  into  a  uniform 
bed  of  gneiss,  500  feet  in  thickness,  been  developed,  I  think  the  dark  blue  lime- 
stone within  a  few  yards  of  the  gneiss  would  have  been  much  more  changed  than 
we  find  it  is. 

The  junction  of  the  limestone  series  with  the  gneiss  must^  it  seems  to  me,  be 
due  either  to  faulting  or  to  inversion.  Something  might  be  said  in  &vour  of 
the  inversion  hypothesis — ^it  is  the  theory  that  naturally  suggests  itself  at  first, 
and  when  I  began  to  explore  the  Dalhousie  region  I  adopted  it  for  a  time.  On 
the  new  cart  road,  a  couple  of  miles  on  the  Dalhousie  side  of  the  Duniira 
road-bungalow,  the  dark  slates  may  be  seen  dipping  under  the  gneiss,  apparently 
eonfonnably ;  and  you  may  stand  on  the  edge  of  the  gneiss,  on  the  ridge  about  3 
miles  north  of  the  Dunidra  bungalow,  and  note  the  black  slates  far  below,  at  the 
opposite  side  of  the  khad  or  valley,  cropping  out  about  half  a  mile  east  of  a  line 
drawn  north  and  south  through  the  spot  on  which  you  are  standing. 

A  section  like  this  naturally  suggests  the  idea  of  inversion,  but  I  found  this 
theory  would  not  harmonize  with  the  rest  of  my  facts.  If  the  inversion 
hypothesis  were  adopted,  it  would  make  the  trap  to  be  of  post-carboniferous  age, 
and  it  would  put  the  white  quartzite  at  the  top,  instead  of  in  its  proper  place,  at 
the  bottom,  of  the  limestone  series. 

In  other  ways  I  found  it  impossible  to  work  the  inversion  hypothesis.  For 
instance,  one  would  have  to  account  for  the  disappearance  of  all  the  rocks  between 
the  carboniferous  series  and  the  gneiss ;  and  one  could  hardly  suppose  that  exten- 
sive and  deep  erosion  sufficient  to  have  caused  this  would  have  stopped  precisely 
at  the  gneiss  all  along  the  line — ^invariably  removing  everything  above  the  gneiss, 
yet  never  cutting  into  or  through  it.  For  these  and  other  reasons,  I  had  to  drop 
the  inversion  theory  and  adopt  the  hypothesis  of  faulting,  against  which  I  know 
of  no  serious  objection. 

If  we  suppose  (and  it  seems  a  reasonable  supposition)  that  the  disturbances 
which  caused  the  faults  were  prior  to  those  which  threw  the  strata  into  the 
spclinal  and  anticlinal  flexures  we  now  see,  or  that  the  compression  of  the  rocks 
continued  after  the  rupture  of  the  faults,  I  can  comprehend  how  a  reverse  fault 
with  so  great  a  throw  was  formed.  This  supposition  may  account  for  the  curves 
observable  in  the  trend  of  the  fault ;  but  if ,  as  is  suggested  further  on,  a  highly 
compressed  anticlinal  fold  is  situated  in  the  gneiss  of  Dainkund,  there  will  be 
leas  difficulty  in  understanding  how  the  torsion  observed  in  the  strike  of  the 
pwiss  was  produced.  The  sharp  minor  curves  in  the  boundary-line  marked  on 
the  map  are  due  to  the  fact  that  where  the  north-easterly  dip  of  the  carboniferous 
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series  and  the  gneiss  are  moderate,  the  line  of  outcrop  in  the  deep,  narrow 
TbUejs  occnrs  farther  to  the  east  than  on  the  crests  of  the  high  steep  ridges  that 
run  down  from  Dainkand. 

The  Silurian  and  Oamhrian  (f)  Series. 

The  rock  in  contact  with  the  carboniferous  series,  along  its  eastern  boundary 
throughout  the  Dalhousie  region,  is  gneiss.  It  is  foliated  and  never  granitoid. 
The  gneiss  is  composed  of  quartz,  orthoclase  and  biotite.  I  have  noticed  no 
muscoyite  or  schorl  in  it,  and  at  times  its  crystallization  is  imperfect.  The 
gneiss  fontis  a  continuous  band,  and  does  not  vary  much  in  thickness,  which  is 
usually  from  400  to  500  feet.  From  the  ridge  above  Banatu  (trans-B&yi), 
where  it  is  seen  stretching  away  in  the  direction  of  Mandoh  (March),  its  thickness 
remains  steady,  and  it  is  well  seen  on  the  new  cart-road  south  of  Duniara,  and 
on  the  ridge  between  Buli&ra  and  Kailu.  It  then  thins  considerably,  and  the 
outcrop  on  the  bridle  road  north-east  of  Tula  might  easily  be  overlooked.  On 
the  eastern  side  of  this  ridge,  however,  it  crops  out  in  a  prominent  way  on  the 
old  and  now  abandoned  road  running  up  to  Naina  Khad  (Nina  Kad).  It  is 
seen  well  at  Hubir  (Ubaur)  and  at  Chu&ri,  where  it  has  regained  its  nonnal 
thickness. 

Next  the  gneiss,  comes  a  rather  thick  band  of  decided  mica  schists.  It  is 
thickest  on  the  south  bank  of  the  B&vi,  extending  from  the  gneiss  to  near  the 
stream  east  of  Seru  (Sairu).  This  mica  schist  shades  rather  rapidly  intp  a 
series  of  slates  and  very  fine-grained  earthy  sandstones,  terminating  next  the 
granitoid  gneiss  in  slates,  which  I  believe  represent  the  "  Simla  slates." 

An  instructive  and  convenient  section  is  that  from  the  Therah  MaU  at 
Dalhousie  along  the  cart-road  to  Banikhet  (Banketra),  and  thence  along  the  road 
to  Dhal6g.  I  collected  a  series  of  hand  specimens  along  this  road  for  macro- 
scopical  and  microscopical  examination,  and  the  series  consist  of  the  following, 
beginning  with  the  rocks  next  the  granitoid  gneiss  : — 

1.  A  fine-grained  quartz  schist,  with  very  minute  prisms  of  Hornblende 

disseminated  through  it. 

2.  A  fine-grained  quartz  schist,  containing  minute  prisms  'of  hornblende 

and  microscopic  flakes  of  mica. 

3.  A  very  fine-grained  earthy  sandstone,  somewhat  schistose  in  aspect ; 

a  few  grains  of  mica  are  to  be  seen  in  it  here  and  there. 

4.  A  very  fine-grained  earthy  sandstone — ^very  earthy  looking. 

5.  A  very  fine-grained  earthy  sandstone— extremely  earthy  looking.     A 

few  minute  prisms  of  hornblende  are  to  be  seen  in  it  under  the 
microscope. 

6.  A  similar  rock,  but  less  earthy  looking. 

7.  A  fine-grained  micaceous  schist.     Microscopic  grains  of  a  greenish- 

white  mica,   and  few  minute  crystals  of  hornblende  disseminated 
through  it. 

8.  A  fine-grained  slaty  rock. 

9.  A  fine-grained  earthy  sandstone. 
10.  A  fine-grained  slaty  rock. 
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11.  A  slate  with  a  slight  micaceous  glaze. 

12.  A  soft  flaky  shale,  with  a  slight  micaceons  glaze. 
18.  An  ordinaiy  slate  of  pale-blue  colour. 

14.  An  ordinaiy  slate  of  darker  colour. 

15.  An  ordinary  slate  of  pale-bluish  grey. 

16.  Soft  splintery  shales  of  pale-bluish  colour. 

17.  A  similes  rock,  but  more  indurated. 

18.  A  white  wafery  shale. 

19.  A  whitish-grey  slaty  rock,  with  flakes  of  white  mica  here   and  there* 

20.  A  gfrey  silicious  schist. 

21.  A  mica  schist-  lenticular  granules  of  quartz  being  coated  with  silky 

white  micaceous  material. 

22.  The  decided  mica  schists  of  Banikhet.    .There  are  some  hundreds  of 

feet  of  this  rock  and  then  follows — 

23.  Four  hundred  or  five  hundred  feet  of  gneiss. 

In  other  sections  (as,  for  instance,  at  Chuiri)  clay  slates  take  the  place  of  the 
fine-gained  earthy  sandstones.  Within  a  few  miles  of  Dalhousie  itself,  on  the 
road  to  Bakloh,  good  slates  are  quarried  quite  close  to  the  granitoid  gneiss. 

Everywhere  the  beds  immediately  in  contact  with  the  "granitoid  gneiss," 
for  a  distance  that  varies  in  different  sections,  exhibit  more  or  less  hypometa- 
morphism. 

Along  a  section  taken  in  a  westerly  direction  from  Dalhousie  the  average  dip 
of  the  Silurian  beds  is  NB ;  but  it  varies  locally  from  NB  l^  N  to  NB  ll^E. 
As  a  whole,  the  series  dips  into  the  granitoid  gneiss  all  along  the  line,  and,  judging 
superficially  from  appearances,  one  would  say  that  it  dipped  under  the  gneiss. 

Mr.  Medlicott,  in-  vol.  Ill,  p.  65,  Memoirs,  describes  the  rocks  next  the 
granitoid  gneiss  at  Dalhousie  as  follows : — "  For  about  50  feet  from  the  granite, 
the  scbists  exhibit  a  very  marked ,  increase,  in  induration,  acquiring  a  close- 
grained  crystalloid  texture.  Near  the  contact,  irregular  small  veins  of  the 
granitoid  rock  are  included  in  this  hard  contact  rock  ;  yet  the  junction  with  the 
main  mass  is  perfectly  sharp,  indicating  no  approach  to  an  amalgamation  of  their 
ingredients.*'  And  in  the  page  first  quoted,  he  wrote :  "  In  the  descending  section 
to  the  west  of  Dalhousie,  the  schistose  characters  become  again  more  and  more 
developed;  at  Banketra  we  find  decided  mica  schists." 

I  think  we  have  here  the  clue  to  the  interpretation  of  this  section.  Broadly 
speaking,  we  have  slates  next  the  granitoid  gneiss,  and  then  silicious  and  slaty 
rocks  passing  into  decided  mica  schists,  resting  on  a  broad  band  of  gneiss,  from 
400  to  500  feet  thick.  In  other  words,  we  have  a  descending  series,  beginning 
with  the  representatives  of  the  "  Simla  slates  '*  and  passing  into  the  lower 
Bilarians'  ; — ^this  descending  series  resting  on  gneiss  on  the  one  side,  and  faulted 
against  gneiss  on  the  other. 

Mention  is  made  in  the  Manual  of  the  Oeology  of  Indiay^  on  the  authority 

*  In  my  paper  on  the  Chamba  and  Dalhonsie  section  (Records  XIV,  p.  308),  I  have  stated  the 
grounds  which  exist  for  holding  the  Simla  slates  to  be  middle,  and  the  beds  below  them  lower 
Silurians. 

Page  633. 
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of  Dr.  Stoliczka's  observations  in  Ladak,  of  a  **  newer  ^eiss  '*  of  syenitic  mineral 
character.  I  do  not  think  that  the  second  band  of  gneiss  described  in  these 
pages  represents  the  newer  gneiss.  In  the  first  place  it  is  not  syenitic,  and  in  the 
second  place  I  think  there  are  diffionlties  in  the  way  of  believing  that  we  haye 
one  series  of  rocks  from  the  granitoid  gneiss  of  Dainknnd  to  the  band  of  foliated 
gneiss  to  the  west  of  it.  Were  this  supposition  to  be  adopted,  the  granitoid 
gneiss  would  of  course  come  in  near  the  bottom  of  the  series,  whilst  the  **nei!?er 
gneiss  "  would  form  the  top,  the  whole  being  inverted. 

This  view  would  require  a  concealed  anticlinal  flexure  in  the  granitoid  gneiss 
of  Dainkund — a  fold  so  compressed  as  to  produce  conformity  of  dip  on  both 
sides  of  the  anticline.  I  have  kept  the  possibility  of  this  being  the  case  before 
me,  but  have  not,  as  yet,  discovered  any  evidence  to  support  the  hypothesis.  I 
met  with  no  trace  of  a  newer  gneiss  between  the  gneiss  of  Dainkund  and  tbat  of 
Pdngi,  though  in  this  long  synclinal  flexure  rocks  from  the  ^'carbo-triassic**  to 
the  'central  gneiss  '  are  exposed. 

Again,  on  the  supposition  that  the  granitoid  gneiss  of  Dainkund  is  "  older  *' 
than  the  band  of  gneiss  to  the  west  of  it,  we  should  have  to  explain  the  total 
absence  of  the  lower  silurian  beds  between  the  '*  Simla  slates  *'  and  the  older 
gneiss ;  and  the  very  remarkable  phenomena  would  be  presented  to  us  of  highly 
metamorphosed  rocks  at  the  top  and  bottom  of  the  series  with  very  slightly  meta- 
morphosed rocks  in  the  middle. 

The  study  of  Himalayan  rocks  has  led  me  to  the  conviction  that  the  only  way 
out  of  the  labyrinth  is  to  keep  in  view  the  principle  that,  as  a  general  rule,  the 
extent  of  metamorphism  affords  an  indication  of  the  relative  age  of  ancient 
rocks.  Undoubtedly  there  are  numerous  exceptions  to  this  general  rule.  "  Selec- 
tive metamorphism  "  is  a  powerful  factor,  and  its  operations  must  ever  be  kept  in 
mind.  The  right  interpretation  of  the  facts  observed  in  Himalayan  geology  is 
surrounded  by  many  difficulties,  inasmuch  as  every  possible  kind  of  metamor- 
phism is  rampant  in  this  region  ;  but  still,  I  think,  the  principle  advocated  above 
is  the  one  that  will,  if  followed,  lead  to  the  fewest  mistakes. 

Having  arrived  at  this  conviction  by  independent  study,  I  was  interested  to 
find  it  fortified  by  Dr.  Callaway's  remarks  in  his  recent  paper  in  the  Qeological 
Magazine  on  "  How  to  work  in  the  Archasan  rocks. "  He  writes* : — 

'*  In  studying  the  lithology  of  a  formation,  its  degree  of  metamorphism  is  an  important 
factor  in  the  evidence.  Sufficient  material  has  not  been  collected  to  form  the  basis  of  a 
theory;  bnt^  so  far  at  least  as  Enf^land  and  Wales  are  concerned,  the  researches  of  the  last  few 
years  lend  some  support  to  the  opinion  that  regional  metamorphism  is  found  only  in  Arcfatean 
rocks,  and  that  the  degree  of  alteration  is  proportional  to  the  antiquity  of  the  group." 
•  ••••••• 

"  There  would  also  appear  to  be  no  a  priori  rea«ion  why  regional  metamorphi»m  should 
not  also  occur  in  rocks  of  any  age ;  and  in  the  above  remarks  it  is  only  contended  that  there 
are  some  grounds  for  constructing  an  empirioal  rule  applicable  only,  so  far  as  present  obaerv* 
atious  go,  to  a  certain  area." 

»  Oeoloffical  Magazine,  Vol.  VIII.  (1881),  pp.  423,  425. 


PART  1.]     McMauon;   Geology  of  HvXhoxxsie,  North'West'Himalat/a,  43 

Professor  Boimej's  obseryations  in  Vol.  YII  of  the  Oeoloyical  Magazine,  P^S® 
642,  are  also  pertinent.     He  writes : — 

'*  With  our  present  knowledge,  extreme  caution  is  doubtless  required  in  dra-ving  an  infer- 
ence as  to  the  age  of  a  rock  from  its  stage  of  metamorphism.  At  the  same  time  all  the  evidence 
which  we  possess  points  to  the  conclusion  that  extensive  regional  metamorpliism  Las  only 
taken  place  in  rocks  of  great  geological  age,  and  that  the  current  statements  about  highly 
altered  secondary  and  even  tertiary  rocks  in  the  Alps  are  in  many  cases  entirely  erroneous 
and  in  all  need  confirmation.  Thus,  in  the  case  of  the  Alpine  schists,  which  as  a  rule  are 
more  highly  altered  than  any  rock  in  Britain  known  to  be  of  Cambrian  or  post-Cumbrian 
age,  I  should  agree  with  some  of  the  more  modem  continental  geologists  in  regarding  them 
as  very  old  and  possibly  pre-Cambrian." 

Holding  the  views  expressed  above,  I  think  it  improbable  that  we  have  pre- 
sented to  us  here  a  normal  sequence  of  beds  beginning  with  a  rock  of  perfect  grani- 
tic structure,  followed  by  clay  slates  and  other  little  altered  rocks  and  ending  with 
decided  mica  schists  and  gneiss  as  its  top  beds.  I  think  the  more  probable  and 
reasonable  explanation  is  that  a  descending  series  of  rocks  from  the  slates  to  the 
gneiss  has  been  faulted  against  the  granitoid  gneiss. 

The  supposition  that  the  two  beds  of  gneiss  form  the  sides  of  an  anticlinal 
flexure,  seems  inadmissible  on  similar  grounds ;  for  in  this  case  the  slates  and 
other  slightly  altered  beds  would  have  to  be  put  below  the  perfectly  metamorph. 
osed  granitoid  gneiss. 

The  hypothesis  that  the  ^wo  \)Q(la  of  gneiss  form  a  synclinal  flexure,  seems 
to  roe  to  be  objectionable ;  for  in  this  case  the  rocks  next  the  gneiss  on  both  wings 
of  the  flexure  ought  to  be  similar,  whereas  they  are  unlike  each  other.  I  am 
ready  to  admit  the  possibility  of  an  anticlinal  fold  having  taken  place,  in  which 
case  the  western  outcrop  of  gneiss  would  form  the  western  wing  of  the  corre- 
Bponding  syncline ;  but  if  this  hypothesis  were  to  be  adopted,  we  should  have  to 
suppose  that  the  inverted  wing  of  the  syncline  had  been  squeezed  out  of  the 
section.  It  does  not  seem  necessary  to  call  in  the  aid  of  a  very  complicated  fault 
of  this  nature ;  a  simple  step-fault  will,  I  think,  in  some  respects  best  explain 
the  section. 

The  fault  hypothesis  is  the  only  one  that,  in  my  opinion,  satisfactorily  ex- 
plains the  facts.  We  have,  I  think,  a  repetition  of  what  we  have  found  reason 
to  believe  took  place  in  the  case  of  the  carboniferous  series,  namely,  a  normal 
sequence  of  rocks  faulted  against  the  gneiss. 

And  if  we  accept  the  existence  of  these  g^eat  faults  immediately  over  a  region 
of  ancient  volcanic  activity,  evidenced  even  in  our  own  day  by  an  occasional  earth- 
quake and  by  the  presence  of  numei*ous  hot  springs  in  the  trap  and  gneiss  areas, 
may   we  not  explain  the  hypometamoi*phi8m  of  the  silurian  and  carboniferous 
slates  along  these  lines  of  fault,  by  the  action  of  superheated  steam  and  water  and 
acid  vapours  finding  access  to  them  along  these  fissures  for  some  time  after  the 
faulting  had  taken  place  P  No  microscopist  who  has  studied  the  metamorphism  of 
igneous  rocks  can  doubt  the  power  of  heated  water  or  steam  to  effect  gradual 
changes  in  the  rocks  subjected  to  their  action  ;  and  the  fact  that  the  hypometa- 
morphism  of  the  silurian  and  carboniferous  rocks,  as  a  mle,  runs   with  lines 
which,  on  other  grounds,  I  have  seen  reason  to  believe  to.  be  lines  of  fault,  strongly 
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favours  the  supposition  that  the  hypometamorphism  described  is  due  to  Uiese 
agencies.  It  would  be  a  curious  coincidence,  indeed,  if  tangential  pressure  pro- 
duced metamorphism  along  these  lines  and  left  the  intermediate  rocks  untouched. 

The  "  Central  QneissJ' 

Between  Dalhousie  and  Chamba  the  granitoid  gneiss  attains  a  thickness  of 
6^  miles.  It  retains  this  breadth  in  its  south-easterly  extension ;  but,  in  the 
opposite  direction,  it  rapidly  narrows  as  the  river  B^yi  is  approached.  In  the 
Memoirs  of  the  Geological  Survey, '  it  was  noted  that  down  the  spur,  running 
between  Fanjao  and  Chata  towards  the  river,  **  the  band  contracts,  and  to  ail 
appearance,  as  seen  from  this  place,  it  becomes  extinct  before  reaching  the 
Bavi,  on  the  right  bank  of  which  there  seems  to  be  a  continnons  section  of  thin- 
bedded  cmmbliog  strata;"  and  the  conclusion  was  drawn  that  the  "central 
gneiss"  had  there  "ended  completely  and  abruptly.'" 

The  trans-Ravi  section  has  now  been  explored  for  the  first  time,  and  I  find 
that  though  the  gneiss  dwindles  to  a  very  thin  band,  it  does  not  die  out.  AboTe 
the  road,  running  from  Jund  (Juind)  to  Bhale  (Balai),  the  outcrop  actnallj. 
visible  is  not  more  than  100  feet  in  thickness.  Where  the  outcrop  crosses  the 
river  above  Bhale,  I  measured  250  feet  of  it.  In  its  north-westerly  course 
the  gneiss  forms  the  crest  of  the  high  ridge  above  Sere  (Serai).  The  last  I  saw 
of  it  was  at  Kandan  Devi,  where  it  leaves  the  crest  of  the  ridge  and  strikes  in 
t]ie  direction  of  Sapra  (Sipra).  Along  this  ridge  it  attains  a  width  of  about  500 
feet.  The  outcrop  looks  thicker  on  the  map  because  the  N  E  dip  of  the  gneiss 
coincides  with  the  slope  of  the  N  £  side  of  the  ridge. 

Speaking  generally,  the  gneiss  is  an  ordinary  foliated  gneiss  along  both  mar- 
gins of  its  outcrop,  and  here  the  bedding,  which  conforms  to  the  normal  dip  and 
strike  of  the  rock  series  associated  with  it,  is  quite  distinct.  The  gneiss  gradually 
passes  into  a  granitoid  rock,  in  which  evidence  of  foliation  may  usually  be  traced ; 
and,  although  joints  are  numerous,  true  bedding  is  often  obliterated.     The  grani- 
toid gneiss  is  highly  porphyritic,  and  is  undistinguishable  from,  and  doubtless  is 
identical  with,  the  "  central  gneiss."     Towards  the  centre  of  the  mass  the  por- 
phyritic appearance  dies   out,   and  along  the  ridge  of  Dainkund  the  rock  passes 
into  a  fine-grained  and  perfect  granite.     There  are  transitional  forms  between  this 
and  the  porphyritic  granitoid  gneiss ;  that  is  to  say,  we  have  here  and  there  a 
more  or  less  porphyritic  rock  which  is  perfectly  granitic.     On  the  road  to  Ghil 
the  matrix  becomes  so  fine-grained  in  places  that  the  rock  assumes  almost  the  out- 
ward aspect  of  a  felspar  porphyry. 

Where  the  mass  begins  to  narrow  in  its  north-westerly  direction,  the  rock  at 
the  same  time  gradually  loses  its  gpranitoid  character  and  passes  into  an  ordinary 
foliated  gneiss,  in  which  porphyritic  crystals  are,  generally  speaking,  sparse  or 
wanting. 

At  times  the  porphyritic  g^nite  obliterates  the  foliated,  stratified  gneiss,  even 
at  the  margins  of  its  outcrop,  and  intrudes  into  the  adjoining  schists.  Instances 
of  intrusive  veins  at  Dalhousie  were  described  by  Mr.  Medlicott  in  the  passage 

'  Memoin,  III,  64.  •  Manual,  page  638. 
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already  quoted  from  page  65  of  his  Memoir.  I  may  mention  another  instance  at 
Dalhousie,  on  the  cart  road  near  the  Bulls  Head  hotel,  -where  the  granite  is  seen 
to  cut  through  the  beds  in  contact  with  it  for  2  or  3  feet.  How  deep  it  goes,  can- 
not be  seen  owing  to  the  dense  vegetation  below  the  road. 

Trans- B4vi,  on  the  ridge  north  of  Banatu,  intrusive  veins  are  also  to  be  seen 
in  the  schists  close  to  the  gneiss,  and  here  these  veins  are  distinctly  porphyritic, 
indicating  that  the  intruded  rock  was  squeezed  into  the  schistose  beds  in  a  viscid 
and  imperfectly  fused  condition.  But  it  was  in  the  Chuiiri  section  that  I  ob- 
served the  most  numerous  instances  of  the  intrusion  of  the  schists  by  the  porphy- 
ritic  granite.  Here  the  latter  has  been  profusely  squeezed  between  the  beds  of 
8chist<8  for  a  considerable  distance  from  their  junction  with  the  crystalline  rock, 
and  in  some  instances  the  porphyritic  granite  has  cut  through  them. 

The  mineralogical  characters  of  the  gneiss  will  be  described  more  in  detail  in  a 
subsequent  paper  on  the  microscopic  petrology  of  Dalhousie  ;  but  I  note  in  passing 
that,  viewed  microscopically,  the  rock  is  seen  to  contain  orthoclose,  quartz, 
biotite,  and  muscovite.  In  the  granitic  varieties,  schorl,  in  minute  or  moderate- 
sized  crystals,  is  pretty  abundant.  I  have  also  noticed  some  small  garnets,  in 
Tvliich  respect  the  rock  also  corresponds  with  the  "  central  gneiss  "  of  the  Sutlej 
valley. 

The  rock  varies  very  much  in  texture  within  short  distances.  Some  of  it 
breaks  without  much  difficulty,  and  then  the  workman  passes  suddenly  to  an  indur- 
ated mass  that  defies  the  power  of  the  hammer.  The  weathering  of  the  rock, 
also,  is  often  peculiar.  Judging  from  superficial  appearances  on  road  sides,  one 
might  readily  imagine  that  intrusive  dykes  were  frequent,  and  that  they  had 
caught  up  boulders  and  blocks  of  gneiss  in  their  passage.  Dykes  I  believe  there 
are,  but  the  appearances  I  allude  to  are,  I  think,  due  to  weathering  and  arise 
from  variations  in  the  texture  of  the  rock. 

Having  described  the  general  stratigraphical  and  lithological  characters  of 
the  *'  central  gneiss,'*  I  pass  on  to  consider  the  causes  of  the  great  changes  observ- 
able in  its  texture  and  structure.  I  allude  principally  to  its  passage  from  an 
oi-dinary  foliated  gneiss  through  a  somewhat  coarse-gprained  porphyritic  rock 
(in  which  the  porphyritic  crystals  of  felspar  attain  a  length  of  3^  inches)  into 
a  fine-grained  non-porphyritic  granite. 

It  has  been  somewhat  fashionable  in  the  geological  world  of  late  years  to 
attribute  the  metamorphism  of  mountain  regions  to  the  heat  developed  by  the 
I  compression  of  strata  which  accompanies  mountain  formation.  That  metamor- 
pUiam,  to  a  certain  extent  at  any  rate,  is  produced  in  this  way  I  do  not  doubt, 
and  to  this  cause  may  possibly  be  due  (though  I  have  suggested  another  explana- 
tion in  the  preceding  pages)  the  hypometamorphism  of  some  of  the  Silurian  and 
carboniferous  beds;  but  I  do  not  see  sufficient  grounds  for  believing  that 
the  perfect  metamorphism  of  the  rocks  now  under  consideration  can  be  attribu- 
ted to  this  cause. 

If  you  bend  a  stick  across  your  knee  with  sufficient  force,  it  will  break  along 
the  axis  of  greatest  strain,  which  will  be  over  the  region  of  the  knee.  Now,  a 
glance  at  the  map  will  show  that,  where  the  B&vi  and   Siul  rivers  cut  across 
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them,  tlie  gneiss  bands,  with  the  included  silarians,  have  been  bent,  as  you  would 
bend  a  stick  across  your  knee.  The  strain  at  this  point  niust  surely  have  been  at 
its  maximum,  and  yet  the  westerly  band  of  gneiss  preserves  its  normal  thickness 
with  a  steady  indifEerence  to  the  Mallet  theory,  whilst  the  easterly  band  of  gneiss 
narrows  from  6^  miles  to  250  feet ! 

But  if  it  be  objected  that  the  differences  observable  in  the  degree  of  metamor- 
phism  is  due  rather  to  innate  conditions — variations  in  the  amount  of  water 
contained  in  the  beds  and  the  like — rather  than  to  fluctuations  in  the  intensity 
of  the  squeeze,  I  reply  that  there  are  difficulties  in  the  way  of  explaining  the 
metamorphism  of  the  particular  rocks  before  us — the  gi'anite,  gneiss,  mica  schists 
and  trap  of  the  Dalhousie  area — by  this  theory.  The  tangential  pressure  which 
caused  the  geosynclinal  to  assume  the  folds  and  contortions  now  to  be  seen 
in  the  Himalayas  is  generally  believed  to  have  been  caused  by  disturbances  in 
later  tertiary  times,  but  we  have  seen  that  the  trap  and  granitoid  gneiss  existed 
as  such  when  the  Siwaliks  were  laid  down,  and  Mr.  Lydekker  found  granitoid 
gneiss  boulders,  which  he  believed  to  be  identical  with  the  central  gneiss,  in 
slates  of  the  Pangi  valley  of  presumably  upper  silurian  age. 

But  a  still  more  serious  objection  to  the  application  of  the  Mallet  theory  to  the 
facta  before  us  occurs  to  me.  It  is  usually  noted  in  text  books  that  crystalliza. 
tion  is  of  coarser  grain  in  the  centre  of  igneous  masses  than  at  their  sides,  and 
the  reason  assigned  is  that  these  masses  cooled  more  rapidly  at  the  sides  than  in 
the  centre.  The  following  extracts  are  taken  from  recent  papers  by  experienced 
observers.  Professor  Geikie  in  his  memoir  on  the  Carboniferous  Volcanic 
Kocks  of  the  Firth  of  Forth  writes  as  follows  of  intrusive  sheets  and  dykes* — 
"  A  diminution  in  the  size  of  the  crystalline  constituents  may  be  traced  not  only 
**  at  the  base,  but  also  at  the  top  of  a  sheet,  or  at  any  intermediate  portion  which 
**  has  come  in  contact  with  a  large  mass  of  the  surix)unding  rock." 

Again  Professor  Heddle  in  his  5th  Chapter  on  the  Mineralogy  of  Scotland,'  as 
the  result  of  his  extensive  experience,  states  that  in  the  case  of  the  plugging  of 
pre-existent  rents  with  the  same  ingredients  as  the  rock  mass  itself,  the  structure 
is  smaller  than  that  of  the  rock  mass  in  the  case  of  contemporaneotis  plugrg ;  whilst 
in  veins  of  exfiltration  the  structure  is  larger  than  that  of  the  containing  rock. 
These  generalizations  were,  of  course,  made  with  special  reference  to  the  rocks  of 
Scotland,  but  they  are  important  and  suggestive. 

I  presume  that  those  who  would  attempt  to  explain  the  metamorphism  of  the 
"central  gneiss"  by  the  application  of  the  tangential  pressure  theory  would  argue 
that  those  parts  of  the  gneiss  at  Dalhousie  which  exhibit  the  most  perfect  grani- 
tic structure  are  those  in  which  the  greatest  heat  was  developed.  These  places 
coincide,  in  the  main,  with  the  centre  of  the  mass  ;  and  as  the  parts  where  the 
greatest  heat  was  developed  must  have  cooled  the  slowest,  the  crystals  of  which 
the  resulting  rock  is  composed  ought,  according  to  our  present  information  on 
these  subjects,  to  have  been  larger  in  the  centre  of  the  mass  than  towards  the 
sides,  whereas  the  reverse  is  the  case. 

A  precisely  similar  objection  to  that  taken  above  seems  to  me  to  stand  in  the 
way  of  the  hypothesis  that  the  extreme  metamorphism  of  the  central  parts  of  the 

*  TnuiiaotionB  of  the  Royal  Society  of  Edinburgh,  Vol.  XXIX,  476,  and  p.  1. 
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inass  and  the  comparatively  imperfect  metamorphism  of  the  margins,  is  due  to 
the  plntonic  heat  from  below  having  been  greater  at  some  points  than  at  others. 
The  stmctore  of  those  parts  which  received  the  greatest  heat  and  cooled  moi*e 
slow] J  ought,  in  masses  whose  granitic  structure  shows  that  there  was  perfect 
freedom  of  molecular  and  crystallographic  action,  to  have  been  of  coarser  gi'ain 
than  those  portions  which  received  less  heat  and  consequently  cooled  more  rapidly ; 
but  this  is  not  the  case. 

The  explanation  that  satisfies  my  mind  the  most  is  that  the  intense  metamor- 
phism  of  the  "  central  gneiss ''  has  been  principally  produced  by  gi*anitic 
intniBion  at  a  great  depth  below  the  surface ;  and  that  the  perfectly  granitic 
portion  is  the  intrusive  granite  itself. 

In  Auvergne^  we  know  that,  in  the  case  of  the  numerous  volcanoes  in  the 
neighbourhood  of  Clermont  Ferrand,  the  lava  pierced  through  a  stratum  of  gi*a- 
oitic  gneiss  before  it  overflowed  at  the  surface.  I  can  see  no  reason  why  what 
took  place  near  the  surface  in  Auvergne  may  not  have  taken  place,  in  other 
localities,  at  a  greater  depth  below  the  surface.  It  is  freely  admitted  by  many 
leading  geologists  that  an  acid  igneous  rock  consolidated  at  a  great  depth  below 
the  surface  would  form  granite,  for  a  perfect  transition  may  be  traced  from 
granite,  on  the  one  hand,  to  acid  lavas,  on  the  other.  "No  one,"  writes  Pi-o- 
fessor  Judd  at  page  145  of  his  recent  work  on  volcanoes,  "  who  has  carefully 
**  studied  the  appearances  presented  by  volcanic  mountains  in  different  stacres 
''of  dissection,  by  the  action  of  denuding  forces,  can  avoid  recognising  these 
*'  great  granitic  masses,  as  the  cooled  reservoirs  from  which  volcanoes  have  in  all 
"probability  been  supplied  during  earlier  periods  of  the  earth's  history."  And 
agnin,  at  page  256  he  writes : — "A  careful  consideration  of  all  the  facts  of  the  case 
''  leads  to  the  conclusion  that  when  pumice,  obsidian,  and  rbyolite  are  now  being 
"  ejected  at  the  sui*face,  the  materials  which  form  these  substances  are,  at  various 
"  depths  in  the  earth's  interior,  slowly  consolidating  in  the  form  of  quartz-felsite 
"granite  porphjry  and  granite." 

Now,  if  we  suppose  that  the  Dalhonsie  gneiss  was  buried  at  great  depth  and 
was  in  consequence  exposed  to  considerable  heat  when  an  acid  igneous  rock 
passed  through  it  in  its  passage  upwards,  it  seems  to  me  that  when  they  cooled 
down  thejr  might  become  so  welded  together  as  to  render  it  impossible  to  say 
when  the  one  began  and  the  other  ended.  In  the  case  supposed  we  should  have 
acting  on  the  gneiss,  not  only  the  heat  caused  by  contact  with  the  intrusive 
igneous  rock,  and  the  plutonic  heat  of  the  earth  itself,  but  the  gneiss  would 
probably  be  permeated  by  steam  at  high  pressure  or  intensely  heated  water  hold- 
ing some  of  the  mineral  constituents  of  the  igneous  rock  in  solution.  I  can 
therefore,  readily  imagine  that  under  the  conditions  described  a  blending  together 
of  the  granite  and  the  gneiss  would  result,  and  that  the  latter  would,  for  some 
distance  from  its  contact  with  the  granite,  partake  of  its  mineral  character. 

For  this  reason  I  do  not  think  that  the  fact  that  I  have  not  observed  mus- 
covite,  schorl  or  garnets  in  the  westerly  band  of  gneiss  proves  that  the  latter 
does  not    really  represent  the  more  perfectly  crystallized  gneiss   further  east. 

*  See  p.  361,  "Scrope  on  Volcanoes"  and  his  "  Volcanoes,  Central  France,"  at  large. 
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The  westerly  band  is  a  comparatively  imperfectly  metamorphosed  rock  and  had 
its  metamorphism  proceeded  further,  and  had  it  been  brought  into  closer  contact 
with  the  rising  granite,  it  would  probably  have  developed  all  the  mincralR  found 
in  the  gi*anitoid  gneiss  Even  in  some  portions  of  the  latter  the  muscovite, 
schorl  and  garnets  are  sparse  or  wanting. 

One  of  the  principal  characteristics  of  the  "  central  gneiss  "  of  the  Satlej  and 
lower  Spiti  valleys,  and  elsewhere  in  the  Himalayas,  is  that  it  is  everywhere  more 
or  less  riddled  by  intrusive  dykes  and  veins  of  white  oligoclase  granite.  Some- 
times these  veins  and  dykes  are  most  profuse.  I  remember  one  spot  in  particular 
on  the  Para  river,  between  Lari  and  Change,  near  the  border  of  Chinese  Tibet, 
regarding  whicb  I  made  the  following  entry  in  my  journal :  — "Before  starting 
*  I  examined  the  rocks  at  Jangzam.  Those  up  the  river  I  found  to  be  gneiss, 
"  nearly  obliterated  by  granite  ;"  the  partial  obliteration  having  been  caused  by 
the  number  and  close  proximity  to  each  other  of  the  intrusive  veins.  The  only 
difference  in  the  two  cases  seems  to  me  to  be  this,  that  in  the  area  now  described 
the  granitic  intrusion  was  probably  more  intense,  the  gneiss  was  more  heated 
and  rendered  more  plastic,  and  the  two  rocks  were  better  blended  together.  The 
white  oligoclase  granite  of  the  Satlej  and  Spiti  areas  possibly  marks  a  somewhat 
later  stage  of  the  eruptions  whicb  effected  the  conversion  of  the  gneiss  into 

a  granitoid  rock. 

Even  in  the  Dalhousie  area  there  is  sometimes  a  sharp  line  of  division  ob- 
servable between  the  fine-grained  and  the  porphyritic  granite.  A  good  example 
of  this  is  to  be  seen  at  the  top  of  the  Chu4ri  pass. 

I  am  not  only  disposed  to  hold  that  the  fine-grained,  non-porphyritic  portions 
of  the  "  central  gneiss  "  seen  at  Dal  housie  is  as  truly  an  "  igneous  "  rock  as  any 
ieneous  rock  can  be  ;  but  I  have  been  gitidually  forced  into  the  conviction  that 
portions,  at  any  rate,  of  the  porphyritic  variety  are  to  some  eoUent  intrusive. 

In  the  case  of  a  gneiss  exposed  to  sufficient  moist  heat  to  allow  of  a  certain 
freedom  of  molecular  action,  1    can  imagine  the  felspar  "eyes"   growing  by 
the  accretion  of  felspar  molecules  into  more  or  less  perfect  crystals  with  well- 
developed    faces   and   angles ;   but  I  think   it  would    be   difficult    to    account 
for  the  principal  axes  of  these  crystals  pointing  indifferently  in  all  directions, 
as  they  do  in  the  granitoid  gneiss,  without  supposing  that  the  plastic  mass  had 
been  set  in  motion.     The  supposition  that  this  peculiarity  has  been  produced  by 
motion  is  supported  by  other  facts.     In  the  Chuari  section  I  noticed  that^  not 
only  in  the  veins  intruded  into  the  schists,  but  also  in  the  granitoid  rock,  the 
solid  angles  of  what  had  apparently  once  been  well-formed  crystals  of  felspar 
were  rounded  off  as  if  by  abrasion ;  whilst  there  were  numerous  instances  of 
other  orthoclase  crystals  having  been  rolled  up  into  masses,  sections  of  which 
were  about  the  size  and  shape  of  a  crown  piece.     These  seemed  to  me  to  be 
indications  that  after  the  orthoclase  crystals  had  been  formed,  they  had  subse- 
quently been  subjected  to  great  heat  and  pressure,  and  had  been  rolled  along  in 
a  viscid  stream  containing  numbers  of  similar  crystals. 

That  porphyritic  crystals  have  often  been  transported  from  one  place  to 
aaother  liter  their  formation  has  long  been  known  to  microscopists.  The 
evident  fragmentary  condition  of  some  porphyritic  crystals  in  lavas  is  held  to  be 
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evidence  of  this ;  whilst  the  liquid  and  other  cavities  they  sometimes  contain 
ate  also  eyidence  in  favonr  of  the  porphjritic  crystals  haying  been  formed  before 
they  reached  the  surface* 

I  may  mention,  in  connection  with  this  subject,  that,  when  I  visited  the  crater 
of  Vesuvius  in  1878,  I  obtained  some  red-hot  lava  by  pushing  a  stick  into  the 
flowing  stream.  This  I  cooled  suddenly  by  pouring  claret  over  it,  water  not 
being  at  hand ;  and  I  found,  on  having  slices  made  for  nucroscopic  examination, 
that  the  lava  contained  numerous  good-sized  crystals  of  augite  and  leucite 
imbedded  in  the  glassy  base.  Doubtless,  the  large  crystals  had  been  transported 
from  hidden  depths  below  the  crater. 

Another  piece  of  evidence  which  goes  to  prove  that  much  of  the  porphyritic 
granite  of  the  Dalhousie  area  is  (to  a  certain  extent,  at  any  rate)  intrusive,  is 
that  fragments  of  schists  are  included  in  it.  For  some  time  I  regarded  these 
objects  as  concretionaiy  in  origin ;  but  the  conclusion  was  ultimately  forced  on 
me  that  they  are  true  fragments  of  the  adjoining  schists,  caught  up  by  the 
granite  in  its  passage  through  them.  They  are  more  numerous  close  to  the 
Bchists  than  away  from  them ;  they  closely  resemble  the  schists  in  colour  and 
material,  and  in  the  Chu&ri  section,  where  the  porphyritic  granite  has  been 
squeezed  into  and  between  the  schistose  beds,  fragments  of  schists  may  be  seen 
caught  in  the  act,  so  to  speak,  of  being  broken  off. 

Some  of  the  included  pieces — even  those  seen  a  long  way  from  the  junction 
of  the  granite  and  the  schists — seemed  to  me  of  undoubted  fragmentary  origin. 
One,  for  instance,  which  I  noticed  in  the  Ghudri  section,  was  a  long  splinter 
2  feet  4  inches  long  and  h\  inches  wide  at  the  thickest  end.  In  its  splintery 
ends  it  seemed  to  give  clear  evidence  of  having  been  torn  from  its  parent  rock. 
It  stood  out  sharply  from  the  granite,  and  it  was  fractured  transversely  in 
several  places,  the  cracks  not  penetrating  into  the  granite. 

Whilst,  however,  I  think  there  are  many  good  reasons  for  believing  that  the 
extreme  metamorphism  of  much  of  the  "central  gneiss"  is  due  to  granitic 
intrusion,  and  that  intruded  masses  have  been  dovetailed  into  the  gneiss,  I  do 
not  think  the  sudden  expansion  of  the  gneiss  from  a  width  of  100  feet  to  nearly 
7  miles  is  wholly  due  to  the  protrusion  of  viscid  masses  of.  an  acid  igneous  rock 
into  beds  of  pre-existing  gneiss.  Considering  that  the  gpranitoid  gneiss  retains 
its  great  thickness  in  its  south-easterly  extension  for  so  great  a  distance,  its 
sudden  attenuation  north  of  the  Ravi  is  remarkable.  The  silurian  beds  between 
the  two  outcrops  of  gneiss  maintain  much  the  same  average  thickness  through- 
out ;  and,  as  I  have  seen  I'eason  to  believe,  on  other  grounds,  that  a  fault  occura 
along  the  margin  of  the  gneiss  at  its  junction  with  the  slates,  it  seems  to  me 
probable  that  the  sudden  attenuation  of  the  gneiss  towards  the  north-west  may 
be  due  primarily  to  faulting. 

Qlaciation, 

The  spur  on  which  the  Mamul  travellers*  bungalow  stands,  near  the  military 
station  of  Bakloh,  at  an  elevation  of  about  4»740  feet  above  the  sea,  puzzled  me 
for  some  time.  The  crest  of  this  ridge  is  principally  composed  of  granitoid 
gneiss  absolutely  identical  with  that  of  Dainkund.     The  trap  bounds  it  on  the 
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BOTith,  but  it  is  completely  BnrrouDded  on  other  sides  bj  the  limestones  and  slates 
of  tbe  carboniferous  series.  Further  investigation  showed  that  the  crest  of  the 
opposite  spnr  is  also  covered  with  large  boulders  of  granitoid  gneiss,  resting  on 
carboniferous  rocks.  After  several  careful  examinations  of  the  locality,  I  found 
that  the  facts  could  not  be  explained  by  intrusion  or  faulting,  and  I  came  to  the 
conclusion  that  we  can  have  here  nothing  else  than  the  remains  of  an  old 
moraine. 

The  supposition  of  a  landslip  seems  inadmissible,  for  the  deposit  is  on  tbe 
very  crest  of  a  spur,  and  high  ridges  and  peaks  intervene  between  it  and  the 
granitoid  gneiss  of  Dainkund. 

The  fragments  of  granitoid  gneiss  of  which  the  crest  of  the  M&mul  ridge  is 
principally  composed,  are  of  considerable  size,  being  as  much  as  12  feet  high  by 
12  feet  long.  They  are  evidently  fragmentary,  and  some  have  apparently  been 
more  or  less  rounded  before  they  fell  into  place.  Sometimes  the  blocks  are 
closely  packed  together,  and  look  like  rocks  in  tUu,  In  other  places  the  frag- 
ments are  evidently  embedded  in  earth.  A  small  landslip  near  the  tollbar 
exposed  a  good  example  of  this.  The  granitoid  gneiss,  moreover,  is  not  alone ; 
fragments  of  schists  and  quartzites,  of  various  sizes,  up  to  3  feet  in  diameter, 
are  scattered  in  profusion  over  the  surface,  and  are  fixed  into  the  hillside.  Tbej 
are  all  fragments  of  rocks  found  between  M&mul  and  Dainkund.  A  roadside 
cutting  at  one  place  gives  an  instructive  section.  It  is  about  10  feet  high,  and  is 
cut  down  straight  as  a  wall.  The  crest  of  the  spur  there  is  seen  to  be  composed 
of  boulders  of  granitoid  gneiss  and  of  schists  and  shales  of  various  sizes  buried 
in  a  matrix  of  unstratified  earth. 

The  M&mul  moraine  is  not  the  only  decided  instance  of  ice  action  I  have 
seen  within  the  Dalhousie  area.  In  the  valley  formed  by  the  small  stream  tbat 
runs  down  from  Kud  to  Hubar,  below  Bariara,  countless  huge  blocks  of  granitoid 
gneiss  are  thickly  scattered  on  the  surface  of  the  ground.  One  of  them,  wbicb 
I  measured,  I  found  to  be  29  feet  long,  and  thick  and  high  in  proportion. 
Higher  up  the  valley,  but  still  a  long  way  from  the  granitoid  gneiss,  I  noticed 
another,  42'  x  25'  X  SO'  or  40^.  The  puny  stream  that  takes  its  rise  at  the  head 
of  this  small  valley  could  not  have  transported  such  blocks  had  it  formerly  been 
fifty  times  as  large  as  it  now  is.  At  Kud  itself,  the  jutting  ends  of  the  strata, 
which  crop  out  nearly  at  right-angles  to  the  course  of  the  stream,  have  been 
evidently  sculptured  by  ice  action,  and  stand  out  like  the  rounded  bastion  of  a 
fort.  The  rounded  portions  are  high  above  the  stream,  and  are  quite  inaccessible, 
so  that  I  could  not  see  whether  they  are  scored  and  striated. 

Conchieion. 

Professor  Judd,  in  his  recent  work  on  volcanoes,  suggests  the  existence  of  a 
gciperal  correspondence  between  the  course  of  events  which  ushered  in  the  birth 
of  the  Alps  and  the  Himalayas ;  and  I  think  the  study  of  the  geology  of  Dal- 
housie furnishes  some  additional  evidence  of  this  correspondence. 

Professor  Judd's  sketch  of  the  history  of  the  Alps  may  be  briefly  epitomised 
as  follows  : — **  The  first  stage  was  the  opening  of  a  number  of  fissures  running 
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along  a  line  near  to  that  at  -which,  at  a  long  sabseqnent  period,  the  elevation  of 
the  mountain  masses  took  place."  *  •  •  '  #  "  From  the  great  fissures 
opened  in  Permian  times  along  this  line  of  weakness,  great  quantities  of  lava, 
Bcorifls  and  tn£E  were  poured  oat,  and  these  accumulated  to  form  g^reat  volcanic 
mountains,  which  we  can  now  only  study  at  a  few  isolated  spots. 

"  The  2nd  stage  consisted  in  a  general  sinking  of  the  surface  along  this  line 
of  weakness  in  the  earth's  crust,  the  existence  of  which  had  heen  hetrajed  hj 
the  formation  of  fissures  and  the  eruption  of  volcanic  rocks."  #  #  # 
The  volcanic  energy  which  had  heen  manifested  with  such  violence  during  the 
Permian  period,  does  not  appear  to  have  died  out  altogether  during  the  succeed- 
ingJTriassic  period. . 

"  The  subsidence  was  continued  almost  without  interruption  to  the  Nummulitic 

period. 

"  The  third  stage  commenced  in  Oligocene  times.  Tt  consisted  in  a  series 
of  movements  affecting  the  parts  of  the  earth's  crust  on  either  side  of  the  line  of 
weakness  which  had  first  exhibited  itself  in  Permian  times.  By  these  movements 
a  series  of  tangential  strains  were  produced,  which  resulted  in  the  violent  crush- 
ing, folding,  and  crumpling  of  the  sedimentary  materials  composing  the  geosyn- 

clinaL"  .  • 

If  the  views  I  have  propounded  in  this  paper  are  correct,  it  follows  that  a 
series  of  grand  volcanic  movements  took  place  along  a  line  coinciding  with  the 
direction  of  the  axis  of  the  Himalayas.  These  movements  commenced  probably 
in  early  silurian  times,  and  continued  until  the  close  of  that  period,  after  which 
they  became  comparatively  insignificant.  There  followed  a  long  period  of  sub- 
sidence during  which  a  great  series  of  limestones  were  laid  down,  which  ex- 
tended from  the  carboniferous  to  the  triassic  period.  In  the  Spiti  region  the 
Bubsidence  appears  to  have  lasted  until  the  cretaceous  period,  whilst  part  of  the 
Simk  area  was  under  the  nummulitic  sea  in  eocene  times.  Then  followed  the 
final  series  of  movements  which  threw  the  strata,  old  and  new,  into  a  series  of 
folds,  the  axes  of  which  have  a  general  N.  W,  and  S.  E,  trend. 

Ihavenot  attempted  to  enter  into  any  details  in  the  above  brief  sketch,  as  my 
only  object  in  making  it,  is  to  draw  attention  to  the  ffwt  that,  as  in  the  Alps,  so 
in  this  region  of  the  Himalayas,  a  long  period  of  subsidence  was  preceded  by 
S^eat  volcanic  activity. 


N^e  <m  remain,  of  palm  leaves  from  tlu>  (tertiary)  Murree  and  Kasauli  beds  u, 
India,  by  Ottokae  Fkistmastsl,  mj).,  Falamtologtst,  Geologtcal  burvey  of  India 

(triih  plate). 

There  is  as  yet  very  Uttle  on  record  npon  tertiary  plants  from  India.  The 
only  attempt  at  an  identification  of  snch  fossils  is  contained  in  Mr.  H.  B. 
Medlicott's  Memoir  on  Sub-Himalayan  rocks  of  North-Westem  India,'  T^herexn, 

.  p,^  J92.  Memoirs.  G.  ».  I,  Vol.  in.  pt.  2. 
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on  pp.  97 — 99,  Dr.  Kane  communicated  the  results  of  bis  exandnation  of  a  small 
collection  of  tertiary  leaves  collected  bj  Mr.  Medlicott  in  tbe  Kasauli  beds. 

There  is  also  in  our  collections  a  small  series  of  tertiary  leaves  from  Burmah, 
which,  so  far  as  I  know,  have  not  yet  been  identified.  All  these  leaves  will  have 
to  be  thoroughly  examined  and  compared  with  extra-Indian  tertiary  plants 
before  they  can  be  figured  and  described. 

On  the  present  occasion  it  is  my  object  to  notice  especially  one  fonn,  about 
the  identification  of  which  there  appears  very  little  doubt,  and  which  is  of 
peculiar  interest  on  account  of  its  wide  distribution  in  extra-Indian  tertiary 
rocks.  My  attention  was  directed  to  it  by  a  specimen  brought  last  season  by 
Mr.  Lydekker  from  the  Murree  beds  in  Northern  Punjab,^  consisting  of  red 
sandy  shale  and  containing  leaf  impressions,  which  are  easily  recognised  as 
being  of  palm  leaves.  My  first  note  (given  to  Mr.  Lydekker)  about  them  was 
that  they  are  "  very  close  to,  probably  identical  with,  Sahal  major" 

There  are  impressions  on  both  sides  of  the  specimen,  both  belonging 
apparently  to  the  same  kind  of  leaf.  On  one  side  the  impression  represents  the 
lower  portion  of  the  leaf  (see  fig.  1 ),  and  exhibits  distinctly  the  fan-shaped  form, 
as  can  be  seen  from  the  radiating  arrangement  of  the  ridges  and  furrows  of  the 
plaited  leaf,  the  parallel  simple  veins  on  the  plaits  also  being  distinctly  seen.  The 
impression  on  the  otl^r  side  (fig.  2)  represents  more  an  upper  portion  of  the 
leaf,  showing,  however,  also  the  same  characters  as  the  other  one. 

If  we  now  turn  to  the  identification  of  the  fossils,  we  find  that  they  agree  best 
with  the  fossil  palm,  now  generally  known  as  Sahal  majors  Heer,  of  which  good 
figures  are  given  in  Prof.  Heer's  Flora  tert.  HelvetisB*  and  in  Prof.  Ettings- 
hausen's  fossil  Flora  of  Bilin  in  Bohemia.*  It  is  figured  as  Flahellaria  major 
in  Unger's  Chloris  protogeea*  and  in  Ettingshausen's  fossil  Flora  of  Heering,* 

Count  Sternberg's  Flahellaria  rapifolia^  is  by  Schimper  placed  with  this 
species  also,  while  Ettingshausen's  Sdbal  rajpifolia  differs  from  Sternberg's  form, 
and  is  classed  with  S,  Jiceringiana. 

No  idea  can  be  formed  from  our  specimens  about  the  character  of  the  rhachis, 
though  all  the  other  characters  agree  with  those  of  Sabal  m^jor,  Heer. 

We  have,  however,  some  other  fragments  of  palm  leaves  amongst  the  fossils 
from  the  Kasauli  beds.  Amongst  them  is  especially  one  good  specimen  (fig.  3) 
which  though  of  a  very  small  size,  yet  exhibits  a  portion  of  the  stalk  and  also 
the  rhachis.  The  stalk  widens  somewhat  at  the  upper  end,  whence  the  rhachis 
originates  as  a  long  pointed  process,  on  both  sides  of  which  the  leaf  plaits  are 
inserted,  which  are  distinctly  keeled.  It  belongs  most  probably  to  a  very  yonng 
plant,  considering  its  small  size ;  but  if  we  compare  it  with  the  various  figures 
of  fossil  palm  leaves,  it  again  agrees  best  with  Sahal  m/rjor,  Heer,  especially  with 

1  The  locality  is  Chakoti,  Jhelum  ralley,  above  Murree. 

a  Flora  tert.  HelvetiaB,  Vol.  1, 1855,  p.  88,  Tabs.  XXXV,  XXXVI,  fig.  12. 

»  Deukschriften  d.  Kais.  Akad.  d.  Wiss.  in  Wien,  Vol.  XXVI,  1867,  p.  108.  R  VIII,  IX. 

*  1847.  p.  42,  PI.  XIV,  fig.  2. 

6  Abhdl.  d.  k.  k.  Geol.  Reichsaustalt,  Vol.  II,  p.  33,  Tab.  Ill,  figg.  3-7. 

•  Fl.  d.  Vorw.  1,  2.  p.  82,  PI.  XXI. 
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some  of  those  specimens  figured  by  Ettingsliaiisen  in  his  fossil  Flora  of  Hearing, 
Tyrol  (I.  e.)*  hat  best  ^ith  the  restored  figure  of  Sahal  majors  given  by  Heer  in 
his  tertiary  flora  of  Switsserland  (Z.  c),  pi.  XLI,  ^,  7.  This  view  is  further 
confirmed  by  the  circumstance  that,  together  with  this  specimen,  there  were  found 
fragments  of  the  plaits  of  a  larger  leaf  (figs.  4,  5),  very  nearly  approaching 
in  size  the  first  described  specimen  brought  by  Mr.  Lydekker  from  the  Murree 
beds  and  classed  by  me  with  Sabal  major.  The  presumption  is  only  natural 
that  these  latter  fragments  belong  to  leaves  of  the  same  plant  as  the  specimen 
just  described  from  the  Kasauli  beds.  Dr.  Kane  ( 2.  c.)  referred  these  specimens 
to  Flabellaria  rapifolia^  Sternberg,  which,  as  we  have  seen,  is  a  synonym  for 
Sabal  maJoTf  Heer. 

This  identification  of  the  palm  leaves  from  the  two  localities  is  also  fairly  in 
accordance  with  the  geological  horizon  of  the  strata  at  the  said  localities 
(Murree  beds  north  of  Murree  and  Kasauli  beds  near  Kasauli) ;  and  even 
if  there  were  a  slight  difference  in  age  of  the  respective  beds,  in  which  this 
species  occurs  here,  in  India,  yet  its  occurrence  in  both  would  find  sufficient 
explanation  in  an  analogous  distribution  of  Sahal  major  in  extra-Indian  tertiary 
beds.  It  is  known  from  many  localities  in  the  European  tertiaries^  i.e.,  of  Austria, 
Grermany,  Italy,  France,  and  England ;  and  as  to  the  horizon,  it  begins  in  the 
tongrian  stage  (lowest  miocene)  and  lasts  till  middle  miocene. 

In  the  botanical  system,  Sahal  is  classed  with  the  Goryphince,  snbtribe 
Sahalineoe,  to  which  belong  amongst  others  the  genera  Corypha  (0,  umhraculu 
f&ra — the  Talipot  of  Ceylon,  and  two  other  species  of  Bengal)  and  ChamceropM 
(one  species  of  which  lives  in  the  Punjab). 

Sahal  itself  is  a  North-American  genus  in  the  living  flora. 

Explanation  of  plate. 

Figs.  1  and  2.     Portions  of  a  palm  leaf,  referable  to  JSabal  major,  Heer,  from 

the    Murree   beds    at    Ghakoti,    Jhelam    valley,    above 
Murree. 

Fig.  3.  A  portion  of  a  small  palm  leaf,  exhibiting  part  of  the  stalk  and 

the    rhachis,   agreeing  in  all   its   characters  with   Sadal 
major,  Heer.     From  the  Kasauli  beds  at  Kasauli. 

Figs.  4  and  5.  Fragments  of  plaits  of  a  palm  leaf  occurring  with  the  preced- 
ing (fig.  3)  at  the  same  locality  and  belonging  apparently 
to  the  same  species. 


On  Iridosmine  from  the  Noa-Dihing  Kiver,  Upper  Assam,  and  on  Platinum  from 
Chutia  Ndgpur,  by  F.  R.  Mallbt,  F.G.S.,  Geological  Survey  of  India. 

In  1855  Captain  £.  T.  Dalton  and  Lieutenant-Colonel  S.  F.  Hannay,  who  had 
^^  previously  been  engaged  in   researches   on  the  mode  of 

occurrence  of  gold  in  Upper  Assam,  were  deputed  by  Qov- 
emment  to  undertake  a  further  examination  of  the  auriferous  deposits  there.     A 
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Bnmmaiy  of  their  report,  which  was  submitted  in  October  of  that  year,  is  pub- 
lished in  the  Memoirs  of  the  Geological  Survey,  Vol.  I,  p.  90. 

Amongst  other  rivers  examined  was  the  Noa-Dihing,  the  sand  of  which  wag 
found  to  contain  platinum  as  well  as  gold. 

The  samples  of  gold  obtained  by  the  above-mentioned  officers  were  eventually 
deposited  in  the  Geological  Museum,  and  having  recently  had  occasion  to  examine 
them  with  some  care,  I  detected  in  that  from  the  Noa-Dihing,  besides  the  plati- 
num  already  mentioned,  iridosmine  also. 

Of  the  entire  sample  (weighing  about  75  grains)  the  great  bulk,  probably 
over  90  per  cent.,  is  gold  in  scales  or  flattened  grains.  The  remainder  consists  of 
quartz  and  other  silicious  grains,  including  a  few  red  ones  like  garnet  and  some 
black  which  are  probably  schorl,  with  magnetic  iron ;  and  besides  small  and 
minute  flattened  grains  of  platinum,  a  not  inconsiderable  proportion  of  lead-grey 
scales  with  metallic  lustre.  They  are  of  high  specific  gravity,  as  is  shown  by  the 
ease  with  which  they  can  be  separated  by  a  fine  jet  of  water  from  most  of  the 
other  non-auriforous  matter,  and  are  hard  enough  to  scratch  glass.  Thevare 
insoluble  in  aqua  regia,  and  infusible  before  the  blowpipe,  but  lose  their  lustre 
when  heated.  Fused  with  nitre  in  a  platinum  spoon  tJiey  give  the  odour  of 
osmic  acid,  and,  mixed  with  the  violet  potassium  flame,  a  yellow  streaky  luminous 
one.  Their  dark  colour,  and  their  loss  of  lusti-e  before  the  blowpipe,  point  to 
their  being  sisserskite,  the  variety  of  iridosmine  containing  a  high  percentage  of 
osmium  in  comparison  to  that  of  iridium.  The  largest  scale  of  iridosmine 
weighs  *06  grains,  the  largest  of  platinum  weighing  '095. 

It  will  be  seen  that  the  proportion  these  metals  bear  to  the  gold  in  the  sample 
under  discussion  is  comparatively  trifling.  But  it  is  possible  that  if  they  were 
specially  looked  for  in  the  Dihing  river  they  might  be  found  in  greater 
abundance.  It  appears  that  in  Burmah,  where  also  platinum  is  found  in  con- 
junction with  gold,  it  is  the  latter  only  on  which  much  value  is  placed.  "  Mixed 
"  with  the  gold  dust,  found  to  the  northward  of  Ava^  are  a  quantity  of  grains  of 
«*  metal  having  every  appearance  of  iron  i         #  #  •     ^     rphe  Burmese 

**  look  chiefly  for  the  gold  dust,  separating  and  bringing  that  alone  genenJly  to 
"  Ava.""  It  is  not  impossible  that  the  gold  washers  employed  by  Captain  Daltom 
in  ignorance  of  the  value  of  the  platinum  and  iridosmine,  may  have  treated  them 
in  the  same  way  as  the  Burmese,  and  picked  out  by  hand  any  grains  sufficiently 
large  to  attract  the  eye. 

With  reference  to  the  origin  of  the  platinum  and  iridosmine,  it  can  scarcely 
be  doubted  that  they  are  derived  from  some  of  the  crystalline  rocks  which  are 
known  to  form  a  portion  at  least  of  the  mountainous  mass  towards  the  head  of  the 
Dihing  river.  In  the  not  very  numerous  cases  in  which  platinum  has  been  traced 
to  its  parent  rock  in  other  parts  of  the  world,  it  appears  to  have  been  found  iu 
most  instances  either  in  auriferous  quartz  veins  traversing  crystalline  rocko,  o^ 

^  Tha  platinam.  Asiatic  Beiearches,  Vol.  XVIII,  pt  II,  pp.  280,  281.  Jour.  As.  Soc.,  Bengml 
Vol.  I,  p.  17. 

*  In  the  Indos  Valley  also,  where,  according  to  Mr.  Baden  Powell,  platinum  is  found  in  amal 
quantity  with  gold,  the  former  is  said  to  he  rejected  as  useless.  (Economic  Products  of  the  Paujab 
Vol.  I,  p.  14.) 
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(aooompanied  freqnenily  by  cbromite),  in  serpentine.  As  serpentine  is  known  to 
^xist  largely  in  the  hills  to  the  east  of  Assam,  ^  and  in  Upper  Bnrmah  also,  it 
might  perhaps  be  suspected  to  be  the  platiniferons  matrix  in  those  provinces. 
But  the  intimate  association  of  the  platinum  with  gold  in  both  countries  (coupled, 
it  might  perhaps  be  added,  with  the  ^t  that  chromite  has  never  been  observed 
in  the  Assam  or  Burmese  auriferous  sands)  points  rather  to  the  rocks  in  which 
gold  is  usually  found  as  those  from  which  the  platinum  has  been  derived. 

We  are  indebted  to  Messrs.  Schoene,  Kilbum  and  Co.  for  a  sample  of  stream 

gold  from  the  Guram  River,  near  Dhadka,  M&nbhum, 
'  lately  presented  to  the  Museum.     The  specimen  weighs 

about  57  grains,  and  includes  four  comparatively  large  pieces  of  gold,  aggregating 
26*5  grains,  of  which  the  heaviest  weighs  9*0  grains.  The  remainder  is  gold  in 
much  smaller  scales  and  fine  dust,  with  a  little  black  iron  sand  (chiefly  ilmenite, 
with  some  magnetite)  and  a  few  minute  grains  and  scales  of  a  steel-grey  colour. 
These  are  malleable ;  infusible  before  the  blowpipe ;  insoluble  in  hydrochloric  or 
nitric  acid,  but  soluble  in  equa  regia.  The  solution  when  evaporated  to  dryness, 
mixed  with  water  and  a  drop  of  a  dilute  solution  of  ammonium  chloride,  and 
allowed  to  evaporate  over  oil  of  vitriol,  deposits  minute  yellow  crystals  of  ap« 
parently  octahedral  form.  The  scales  are  evidently  platinum.  They  occur  in 
extremely  small  quantity  however,  the  platinum  being  only  '  a  trace '  in  compari- 
son to  the  gold.  The  largest  scale  in  the  whole  sample  weighed  only  '005 
g^rains. 

On  subsequently  examining  other  samples  of  Indian  stream  gold  in  the 
Museum,  I  found  similar,  but  still  smaller,  scales,  which  behaved  in  the  same  way 
with  reagents,  &c.,  in  gold  from  Lindu,  Ghaibdssa.  Scales  of  the  same  appear- 
ance were  also  observed  in  a  specimen  of  gold  from  M&nbhum,  the  exact 
locality  of  which  is  not  given,  and  in  another  from  the  Br&hmini  Biver,  Tributary 
Mehals,  Orissa.  There  can  scarcely  be  mach  doubt  that  these  are  platinum  also, 
but  they  were  not  examined  with  reagents,  the  scales  from  the  Brihmini  being 
indeed  almost  too  minute  to  admit  of  such  treatment. 

It  seems  therefore  not  improbable  that  platinum  is'  somewhat  widely  diffused 
in  the  southern  part  of  Chutia  N&gpor,  Aic,,  and  perhaps  throughout  a  larger 
area.  But  the  specimens  alluded  to  do  not  in  themselves  give  ground  for  believ« 
big  that  it  occurs  in  more  than  minute  quantity.  It  is,  however,  possible  that 
the  gold  washers  may  sometimes  find  grains  sufficiently  large,  to  attract  their 
attention,  and  that  they  reject  them  as  useless. 

*  Mr.  H.  6.  Medlicott  informs  me  that  qnantities  of  ■erpenUnoos  boulden  are  washed  down  to 
the  plains  by  the  Dihiug  and  Brahmapntra  (Brahmaknnd)  riven.  Captain  Hannay  found  similar 
loUed  fragments  in  the  Vigini,  and  there  is  in  the  Museum  a  rolled  pebble  of  the  same  rock  from 
the  Dihing. 
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Chh  (1)  a  Copper  Mine  ZafeZ^^  ojjene^i  near  Yongri  Hill,  m  e^eDarjiling  Diatrict; 
(2)  Arsenical  Pyrites  in  the  same  neigKbourhood ;  (3)  Kaolin  at  Ddrjiling; 
heing  Zrd  Appendix  to  a  Report  "  on  the  Geology  and  Mineral  resources  oj  ih 
JDdrjiling  District  and  the  Western  Dudrs  ;^"  by  F.  R.  Mallet,  Geological 
Survey  of  India. 

During  the  present  year  a  new  copper  mine  has  been  opened  on  the  western 
Yongri  copper  mine.        ^*^^.  ?^  Tongri  hill,  in  the  Kalimpnng  snb-division  of  the 

Darjiling  district.  The  Government  of  Bengal  haying  re- 
quested that  an  officer  of  the  Geological  Survey  should  be  sent  to  report  on  it, 
and  the  duty  having  been  assigned  to* me,  I  proceeded  to  the  locality  at 
the  end  of  October. 

For  a  general  account  of  copper  mining  and  smelting  in  the  D&rjiling  hills, 
I  would  refer  to  my  report  on  the  mineral  resources  of  the  district,  published  in 
the  memoirs  of  the  Geological  Survey,  Vol.  XI,  p.  69.  The  present  note  refers  to 
the  Yongri  neighbourhood  alone. 

The  new  mine  is  situated  on  the  left  side  of  a  small  jhora  (stream),  about 
three-quarters  of  a  mile  west  of  Yongri  Hill  (N.  lat.  26**  67',  E.  long. 
88°  31'),  at  an  elevation  of  about  2,500  feet  above  the  sea.  The  rock  in  which 
the  metalliferous  band  occurs  is  gray  clay  slate,  of  the  ordinary  type  in  the 
Doling  series,  which  is  rather  broken  and  contorted,  but  which  has  an 
average  dip  at  the  mine  of  60° — 80°  to  S.  30  W.  I  obtained  no  clear  evidence  of 
there  being  more  than  one  metalliferous  seam.  This  was  first  worked  by  an  adit 
driven  in  from  the  hill-side  at  the  spot  where  the  ore  originally  revealed  itself  by 
its  rusty,  gossan-like,  appearance  at  the  surface,  and  subsequently  by  two  other 
adits  within  a  few  yards  of  the  first  one,  and  by  galleries  sunk  from  the  above 
along  the  dip  of  the  beds.  The  principal  gallery  having  been  sunk  to  a  depth 
at  which  the  influx  of  water  was  too  great  to  allow  of  its  being  profitably 
carried  further,  an  adit  was  driven  in,  across  the  strike  of  the  rocks,  somewhat 
lower  down  the  hill-side,  which  cut  the  cupriferous  seam  about  100  feet  from  the 
entrance.  The  miners  then  worked  upwards  towards  the  old  workings,  and  at 
the  time  of  my  visit  were  working  downwai*ds  along  the  dip  of  the  seam.  The 
driving  of  this  adit  through  100  feet  of  unproductive  rock,  in  order  to  reach 
the  cupriferous  bed,  showed  a  knowledge  of  the  principles  of  mining,  and  an 
enterprise,  of  which  I  have  not  seen  any  equal  example  in  the  Sikkim  mines, 
unless  perhaps  in  that  at  Rattu."  The  cupriferous  seam  at  the  spot  where  the 
miners  were  working  at  the  time  of  my  visit  was  about  7  or  8  inches  thick* 
consisting  of  irregular  quartzose  layers  (interbanded  with  some  clay-slate) 
through  which  the  ore  is  disseminated.  The  latter  is  copper  pyrites,  with  a 
large  proportion  of  mundic  (iron  pyrites),  and  accompanied  by  some  ochreous 
oxide  of  iron  and  a  little  black  copper  as  results  of  alteration. 

It  will  be  remarked,  therefore,  that  the  Yongri  seam,  like  all  the  other  known 
cupriferous  seams  in  the  Darjiling   District,*    (Is^iy)  occurs  in  the  rocks  of  the 

>  Memoirs  Geol.  Surv.  Ind.,  Vol.  XI,  Pt.  I.     The  socoud  appendix  u  contained  in  VoL  X 
of  tho  Records,  p.  143. 

3  Memoirs,  Oeol.  Surv.  Ind.,  VoL  XI,  p.  76. 

>  Memoirs  Qcol.  Surv.  Ind*,  Vol.  XI,  p.  72. 
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Doling  BerieB ;  (2ndJy)  is  a  bed,  not  a  true  lode ;  and    (Srdly)    that  the  ore  is 

copper  pyrites. 

As  is  commonly  the  case  in  the  DArjiling  mines,  the  seam  is  not  of  constant 
thickness,  expanding  in  some  places,  as  I  was  informed  by  the  miners,  to  a  foot 
or  so,  and  in  others  thinning  to  only  1  or  2  inches.  A  sample  of  the  ore, 
as  it  was  being  brought  out  from  the  mine,  yielded  on  assay  1*5  per  cent,  of 
copper,  while  a  sample  of  picked  ore  gave  66  per  cent. 

On  the  whole  I  should  be  inclined  to  consider  the  Tongri  cupriferous  seam 
as  scarcely  on  a  par  with  that  at  Mangphu*  on  the  Tista,  and  certainly  not  equal 
to  that  at  Rattu*  in  Sikkim.  The  band  is  not  very  thick  ;  there  is  a  large  amount 
of  mundic  in  the  ore,  and  the  assays  show  a  rather  low  percentage  of  copper. 
Of  course  this  opinion  is  founded  on  the  state  of  the  different  mines  at  the  times 
I  visited  them  respectively,  but  the  productiveness  of  the  same  seam  varies  con- 
siderably,, owing  to  fluctuations,  both  in  its  thickness,  and  in  the  proportion  of  ore 

contained  in  the  gangue. 

One  hundered  and  fifty  or  200  yards  S.  30  B.  of  the  above  mine,  a  trial  drift 
was  carried  in  some  distance,  at  a  spot  where  the  usual  gossany  indications 
were  observed.     It  did  not  turn  out  well,  however,  and  is  now  abandoned  and 

filled  with  water.  • 

Taking  the  general  strike  of  the  rocks  into  account,  it  is  not  impossible 
perhaps  not  improbable,  that  the  Yongri  cupriferous  band  is  on  the  same 
horizon  as  the  metalliferous  strata  at  Mangphu.  The  chance  is  at  least  suflBcient^ 
ly  great  to  suggest  a  somewhat  promising  clue  towards  the  discovery  of  new 
outcrops,  between  the  two  positions,  to  any  one  with  sufficient  geological  know- 
ledge to  apprehend  the  bearing  of  the  facts,  but  such  knowledge  is  unfortunate, 
ly  not  possessed  by  the  native  miners. 

Smelting  was  being  carried  on  at  the  Yongri  mine  when  I  was  there.  As 
the  methods  of  dressing  the  ore,  and  subsequent  reduction,  are,  however,  quite 
similar  to  those  I  have  already  described  at  some  length,'  it  would  be  useless 
to  enter  into  the  details  here.  The  copper  was  being  sold  at  Rs.  2-8  per  three 
sers,  a  portion  of  it  being  worked  up  into  cooking  vessels,  &c.,  at  Surung,  a 
village  in  the  neighbourhood. 

On  the  western    flank  of  Sampthar  Hill,   about  half    a  mile   W.   20®   S. 

from  the  highest  summit,  and  a  mile  and  a  half  north-east 
fia^Th^HiU^*^  **       ^^^  *^®  Yongri  mine,  at  an  elevation  of  about  4,000  feet, 

the  outcrop  of  a  metalliferous  band  dipping  north-east  at 
60°  is  exposed  for  five  or  six  yards.  The  seam  is  about  a  foot  thick,  of  which  per- 
haps two-thirds  is  ore,  the  remainder  being  rusty  quartzose  schist,  which  divides 
the  band  into  two  layers,  of  which  the  upper  is  much  thicker  than  the  lower. 
Both  consist  almost  entirely  of  ore,  with  but  little  gangue  intermixed.  Beneath 
the  metalliferouB  seam  a  foot  or  so  of  rusiy  quartz  schist  is  visible.  No  other 
rock  is  exposed  close  by,  but  a  little  lower  down  the  hill  the  ordinary  gray 
clay-slate  of  the  Ddling  series  is  seen.  The  ore  is  arsenical  pyrites,  with  a  some* 
-what  considerable  proportion  of  mundic,  and  a  little  copper  pyrites. 

As  white  arsenic  and  orpiment   (arsenious   acid   and   arsenious   sulphide) 

>  Memoirs  Qeol.  Sun-.  Ind.,  Vol.  XI,  p.  76.  Ibid.,  p.  76.  «  Hid.,  p.  69. 
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are  both  easily  prepared  from  arsenical  pyrites,  and  orpiment  is  used  to  a 
considerable  extent  in  India  in  connection  with  the  preparation  of  hides,  it  seems 
likely  that  if  some  of  the  copper  miners  were  to  learn  the  way  of  making  the 
above-mentioned  products,  they  could  profitably  work  the  Sampthar  ore,  espe- 
cially as  some  copper  could  be  subsequently  extracted  from  the  spent  pyrites. 
Whether  Government  would  consider  it  advisable  to  allow  the  manufacture  of 
arsenical  compounds  is  of  course  a  separate  question. 

The  site  of  the  intended  European  hospital  at  Ddrjiling  is  on  a  small  hillock, 
.  the  apex  of  which  has  been  removed,  and  the  earth,  Ac., 

ao  n  a     ar]     g.         thrown  to  the  sides  to  form  the  requisite  level  space.   The 
stuff  cut  through  is  clay  and  partially  decomposed  gneiss,  the  latter  of  which 
includes  a  bod,  about  6  feet  thick,  of  a  white  rock  composed  of  quartz  and  de- 
composed felspar  verging  towards  kaolin.    The  stone  is  soft  when  first  extracted, 
and  easily  broken  between  the  fingers.     It  bears  a  close  resemblance  in  appear- 
ance to  the  decomposed  granite,  found  inComw^all,  from  which  'China  clay'  is  bo 
largely  prepared,  by  eluiriation,  for  use  in  the  English  manufactories  of  porce- 
lain and  the  finer  kinds  of  pottery.     '  Cornish  stone '  is  a  similar  material  in 
a  less  decomposed  state.     The    Ddrjiling  rock  could  undoubtedly  be  used  in  the 
manufacture  of  ceramic  waro,  but  a  trial  would  be  needed  to  ascertain  whether 
it  is  sufficiently  pure  for  porcelain-making.    Tested  on  a  small  scale,  it  was  found 
to  fuse  ^er  se  at  a  white  heat  into  a  translucent  white,  or  grayish-white,  enamel. 
There  are  dark  spots  scattered  through  it  here  and  there,  due  to  more  or  less 
completely  decomposed  garnets.     These,  however,  could  be  picked  out  by  hand 
to  some  extent  if  the  rock  were  used  raw.     If  washed  for  kaolin,  such  impurities 
would  of  course  be  removed  during  the  elutriation.     A  considerable  quantity  of 
the  stone  has  been  quarried  in  lowering  the  hospital  site,  but  no  further  supply 
can  be  obtained  there  after  the  building  has  been  commenced.     Similar  stuff, 
however,  is  probably  to  be  obtained  elsewhere  from  ihe  gneissose  rocks  of  the 
Ddrjiling  hills,  and  may  perhaps  be  found  capable  of  local  utilisation. 


Analyses  of  Coal  and  Fire-clay /row  the  Makum  OoaUfieldj  Upper  Assam. 

We  nre  indebted  to  Messrs.  Shaw,  Finlayson  and  Co.  for  permission  to 
publish  the  following  analyses,  which  have  been  lately  made,  of  coals  from  the 
Makum  field : — 

From  Richard  Smith,  Esq.,  Metallurgical  Laboratory,  Royal  School  of  Mines,  Loadon, 
to  the  Assam  Railway  and  Trading  Company,  Londour-dated  22tk  September 
1881, 

The  ten  samples  of  coals  from  the  "  Makum  Coal  Fields,"  Assam,  marked  Nos.  I,  1^,  2, 
2a,  3,  4,  5,  6,  7  and  8  reapectively,  and  one  sample  of  clay,  have  been  submitted  to 
examination  according  to  the  instructions  of  your  Secretary,  Mr.  W.  Tudor  Johns. 

Physical  Chabactehs.— The  various  coals  do  not  differ  much  in  external  appeannoe; 
they  are  brownish-black  or  black,  hard,  brijcht,  do  not  soil  the  fingers  when  touched  j  the 
fracture  is  uneven,  and  some  of  the  samples  have  flat,  somewhat  conch oidal  patches ;  the 
fragments  or  lumps  are  more  or  less  cubical,  or  have  irregular  bedding  cleavage,  and  some  of 
them  exhibit  a  peculiar  form,  resembling  an  imperfectly  columnar  structure. 
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Chbxical  Composition.— In  the  following  Table  A  are  the  analyses  of  the  coals,  made 
on  the  sanfples  as  reoeived,  and  inclusive  of  the  water  present : — 


Tablb  a. 


1 

U 

s 

aa 

8 

4 

6 

6 

7 

8 

Carbon      • 

74-63 

76-81 

76*90 

76*86 

76-40 

74*64 

78-00 

77*90 

74-66 

• 

74-81 

Hjdrogeo 
Oxygen     .        ,\ 

Nitrogen           .3 

6-03 
14-26 

617 
12-88 

6-22 
11-86 

6*81 
1112 

6-22 
11-60 

6-13 
11*87 

6*27 
12-18 

6*80 
11-76 

617 
14*49 

4*96 
12*86 

Solphor  . 

1-88 

1-03 

1-73 

2-71 

2-68 

8*81 

1*40 

2*80 

2*88 

8*40 

Aah  (red) 

2-66 

1-66 

3-00 

2-00 

8-00 

2-60 

1*00 

1*10 

1*00 

2-88 

Water       . 
(hygroseopic) 

2-06 

2*46 

2*80 

2-60 

2-30 

216 

2*16 

1-66 

1*80 

2*16 

100-00 

100-00 

10000 

100-00 

10000 

100-00 

100-00 

100-00 

100-00 

100*00 

The  following  Table  B  represents  the  composition  of  the  coals  calculated  on  100  parts, 
and  exclusive  of  sulphur,  water  and  ash,  and  are  added  for  comparison.  There  is  a  marked 
Similarity  between  them,  but  Nos.  1  and  7  contain  less  carbon  and  more  oxygen  and 
nitrogen  :^ 


Tablb  B. 


Garbon,     . 

79*47 

80-97 

81-64 

82-08 

81-83 

81-48      81-72 

82*06 

79-16 

81*21 

Hydrogen. 

6-85 

6-46 

6*61 

6-72 

6-66 

6-61 

6-41 

6-68 

6*48 

6-87 

Oxygen     ,         .) 
Nitrogen   .        •> 

16-18 

18-68 

12-75 

12*20 

12-61 

12-96 

12*87 

1237 

16-37 

18*42 

100*00 

100-00 

10000 

100-00 

100-00 

100-00 

100*00 

100-00 

lOOKX) 

100*00 

The  nitrogen  is  generally  present  in  coals  to  the  extent  of  1  to  2  per  cent.  It  was  not 
separately  determined,  as  it  was  not  considered  necessary. 

The  sulphur  is  present  in  the  coals  partly  in  organic  combination  (with  carbon)  and  partly 
in  combination  with  iron  as  iron  pyrites,  and  probably  to  some  extent  as  sulphate  of  protoxide 
or  peroxide  of  iron,  resulting  from  weathering  action  upon  the  pyrites.  Patches  of  iron 
pyrites  (a  pale  brass-coloured  mineral)  were  observed  in  two  of  the  coals. 

The  ash  present  in  the  coals  is  small  in  quantity,  averaging  2*03  per  cent.  This  is  an 
advantage,  as  the  proportion  of  '* clinker"  produced  during  burning  would  be  relatively 
smaller  than  produced  from  many  varieties  of  coals.  Compared  with  other  varieties  of 
Indian  coab  which  have  been  examined,  the  ash  is  considerably  less. 

When  a  portion  of  each  of  the  coarsely  powdered  coab  respectively  is  heated  in  a  closed 
vessel,  the  gases  given  off  bum  with  a  yellow  smokey  flame,  and  the  residual  coke  is 
coherent,  firm,  somewhat  dull,  more  or  less  porous,  and  increased  in  bulk.    No  marked 
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difference  was  observed  in  the   character  of  tbe  gases  evolved,  or  of  the  residual  eokea 
produced  from  any  of  the  coals. 

The  percentage  results  obtained  are  given  in  Table  C : — 


Tablb  C. 


Coke 

66-50 

5900 

68*25 

68-50 

67-40 

56-40 

6810 

56-86 

67-20 

6650 

Volatile  Oases    . 

4145 

88-55 

89-45 

39-00 

40-30 

41-45 

3976 

41-50 

41-00 

41-35 

Water 

205 

2*45 

2-80 

2-50 

280 

215 

215 

1-65 

180 

2-13 

100  00 

10000 

100-00 

10000 

100-00 

100-00 

100  00 

100-00 

100-00 

10(H) 

The  gases  given  off  from  the  various  samples  of  coals  during  the  coking  experiments  are 
highly  illuminating ;  they  may,  therefore,  be  applied  for  purposes  of  gas-making. 

As  the  samples  submitted  to  examination  have  been  tnken  from  the  "  outcrop  "  or  surface 
ground,  the  coals  may  probably  be  found  to  improve  in  character  andhave  a  less  proportion  of 
sulphur  and  ash  when  worked  lower  down. 

In  our  experimental  trial,  the  lumps  of  ooal,  when  firat  heated,  do  not  appear  to  soften  or 
stick  together  to  any  extent,  afterwards  they  burn  freely,  and  the  *'  fire "  remains  opeo, 
which  is  favourable  as  regards  coals  required  for  steam  purposes. 

The  coal  bums  well,  but  would  at  first  give  off  a  quantity  of  smoke  while  putting  on 
fresh  fuel.  This  could  be  avoided  to  a  certain  extent  by  pushing  back  the  ignited  fuel  and 
feeding  in  the  fresh  coal  at  the  front  of  the  furnace.  It  would  also  be  advisable  at  first 
to  admit  a  good  supply  of  air  to  bum  the  gases  produced  in  the  furnace  and  prevent  loss  of 
heat  by  their  escape  unburnt  up  the  funnel.  The  supply  of  air  would  afterwards  require 
to  be  regulated  in  order  to  prevent  a  too  rapid  combustion  of  the  ooke.  If  local  and  other 
circumstances  pei*mit,  an  advantage  might  be  gained  by  admixture  of  the  coal  with  a  certain 
proportion  of  Anthracite  or  other  smokeless  coal. 

In  conclusion,  I  am  of  opinion  that  the  coals  may  be  regarded  as  valuable  fuel  for  various 
purposes.  As  steam  coals,  and  also  for  gas-making,  coking  or  manufacturing  and  honsehold 
use,  I  also  think  that  they  may  compete  successfully  with  many  British  coals. 

Clat. — The  sample  was  more  or  less  laminated  or  shaly  in  character.  It  was  tested,  and 
found  to  be  a  "  fire-clay, "  containing  some  iron  pyrites  and  coaly  matter.  Fire-clays  often 
occur  in  association  with  coal.  When  the  crude  clay  is  exposed  to  the  highest  temperature 
attainable  in  an  air  furnace  (sufiicient  to  melt  wrought  iron),  the  external  surface  becomes 
glazed,  and  it  exhibits  other  indications  oE  softening  to  a  certain  extent.  The  fire-clay  might 
probably  be  used  for  some  purposes  to  which  clays  of  a  refractory  character  are  applied,  but 
it  would  not  be  of  best  quality  or  stand  exposure  to  a  long  continuous  heat.  If  the  day  is 
previously  submitted  to  a  ''washing"  process  to  separate  the  iron  pyrites  and  coaly  matter, 
it  may  probably  diminish  its  liability  to  softening  when  exposed  to  high  temperatures.  As 
this  sample  was  from  the  '*  out-crop "  or  surface  ground,  it  may  be  possible  that  clay  of 
improved  quality  may  be  found  when  the  working  of  the  coal  is  more  developed. 

(^Slgyicd)        RICHARD  SMITH. 
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Analijfih  of  *'  Assam*'  Coal  {Bfakum  Field),  hy  Ike  Oas  Light,  and  Coke  Company, 

Gas,  per  ton 10,900  Cabio  Feet. 

Ill  ammatintj^  power 17*2  Sperm  Candles. 

Coke.        •        •        .        • il  Cwt.  to  the  Ton. 

Volatile  Matter •        .  46*5  per  cent. 

Ash  in  Coal 2'0  per  cent. 

Ash  in  Coke     « 4*3  per  cent. 

Note. — The  cool  contiuns  a  small  percentage  of  ash,  and  prodaces  a  coke  of  very  fair  qualitj, 
Ithough  not  quite  equal  to  that  from  Newcastle  Coal,  yet  would  be  readily  saleable. 

\  (Signed)        ALFRED  KITT. 

August  S^th,  1881,    ) 

The  above  analyses,  conpled  with  those  given  in  Vol.  X,  p.  166,  fnmish  data 
for  comparing  the  Maknm  coals  with  those  from  the  Baniganj  field.  The 
comparison  is  of  especial  value,  as  it  is  against  the  Baniganj  coal  that  that  of 
Assam  has  to  compete  at  present  for  nse  on  the  Upper  Brahmaputra.  And  the 
fuel  from  the  two  sources  will  doubtless  be  brought  into  much  greater  competi- 
tion on  the  railways  of  North- Eastern  Bengal,  when  the  completion  of  the  line, 
now  being  constructed  from  the  Makum  field  to  the  river  at  Dibrugarh,  shall 
have  rendered  the  systematic  working  of  the  Assam  coal  practicable. 

Taking  the  mean  of  the  ten  analyses  given  of  Makum  coals,  and  comparing 
it  with  the  average  composition  of  31  Raniganj  coals,  as  determined  by  Mr. 
Tween,  we  have — 


Menu  eotnpotitlon 
o(  10  Makam  coals. 

Mean  compotition 
of  31  R4DigaiiJ  ooala. 

Carbon       ...                 ...                 •••                 .••                «.. 

Hydrogen  ... 

Oxygen  and  Nitrogen  ... 

Sulphur 

Afth 

Hygroscopic  water 

75-90 
518 

12-42 
232 
203 
215 

66-20 

4-64 

11-30 

1701 
1 

...                 ,  . 

10000 

100-00 

It  is  scarcely  necessary  to  remark  that  the  heating  power  of  coal  depends  on 
the  high  percentage  of  carbon  and  (available)  hydrogen  it  contains,  and  on  thd 
low  percentage  of  the  remaining  constituents.  It  will  be  seen,  then,  that  the 
Makum  compares  most  favourably  with  the  Baniganj,  containing  as  it  does  10 
per  cent,  more  carbon,  about  the  same  amounts  of  hydrogen,  and  of  oxygen  plus 
nitrogen,  and  less  than  one-eighth  the  quantity  of  ash. 

^  The  hygroscopic  water  contained  in  the  RiniganJ  coals  is  not  separately  given.  They  wera 
poMibly  dried  before  analysis.  The  average  amount  of  water  found  in  the  same  coals  during  their 
proximate  analysis  was  4*8  per  cent. 
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If  the  highest  and  lowest  percentages  of  the  different  constituents  be  compared, 
the  resnlt  is  equally  favourable  to  the  Assam  coal. 


Carbon  ... 

Hydrogen  ..• 

Oxygen  and  Kitxogen 
Sulphur  ... 

Ash 


••• 
•■• 

••• 

■•• 
••• 


Hlifbeit  pereeot- 
affe  amoDgat  10 
Sfakoin  ooali. 


78-00 
6-31 

14-49 
8-81 
3-00 


Higheat  peroent- 
afre  amoDgat  31 
BinijranJ  ooala. 


73-39 
506 

14-27 
1-63 

25  80 


Loweat  pere«Qt- 
age  amongat  10 
Makmncoiia. 


74-54 
4-95 

11-12 
103 
100 


Xiowoat  poKcotp 
act  amongst  91 
Binigaiu  eoala. 


57-09 

3-46 

4-35 

-87 

18-00 


The  following  figures,  giving  the  mean  proximate  composition  of  the  coals  from 
each  locality,  enable  a  comparison  to  be  made  of  a  somewhat  different  kind. — 


Fixed  carbon  ...  ... 

Volatile  matter  (exclusive  of  water) 

Hygroscopic  water       ... 

<aBU  ...  ••■  ■•• 


... 
... 
... 


.•• 
••• 
... 


Mean  oompoaitton 
ofSS  Aaaauiooala.^ 


56-5 

34-6 

5-0 

3-9 


lOOH) 


Mean  eomposition 
ofSlB4nigai^o(Ml8.* 


53-20 

25-83 

4-80 

1617 


100-00 


or,  exclusive  o 

f  water — 

••• 

... 

... 

•  •• 

•  •• 

*•* 
•  I. 

*.• 

■  •. 

■  •* 
... 

Mean  oompoaition 
of  27  Aaaam  ooala. 

Mean  eompoaitioo 
of  31  Rinigai^  ooala. 

Fixed  carbon 
Volatile  matter 
Ash            ... 

60-0 

86-2 

8-8 

55-88 
27-13 
16-99 

100-0 

lOOUO 

Taking  the  nitrogen  at  1*5  per  cent.,  and  calculating  the   theoretic  calorific 
power  in  centigrade  heat  units,  we  have — 


81  B&iiganj  coals 
10  Mfttnm  coals 


■•■ 


Mean  ealoiillo 
power. 

...     6526 
...     7447 


or  as  7  to  8.     It  appears  from  Mr.  Hughes'  remarks'  that  the  calorific  power  of 
none  of  the  31  samples  of  Bdniganj  coal  exceeded  7040. 

The  one  point  in  which  the  analyses  show  an  inferiority  in  the  Makum  coals 
is  in  the  proportion  of  sulphur  they  contain.  This  is  without  doubt  a  somewhat 
serious  defect.  Most  of  the  Assam,  however,  cannot  be  considered  a  "  brassy  " 
coal.  There  are  at  present  in  the  Qeological  Museum  specimens  from  twelve 
difEerentlocalities  in  the  Makum,  N&zira,  and  J&ngi  fields,  which  were  collected 
in  1874, 1875,  and  1876.     The  majority  contain  no  pyrites  visible  to  the  eye,  and, 

>  Memoirs  Geol.  Surv.  India,  Vol.  XIl,  p.  349.        *  Becords  GeoL  Snrv.  India,  VoL  X,  p.  156, 

»  Ibid.,  p.  158. 
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after  six  or  eight  years'  exposure  to  the  lieat  and  damp  of  Calcutta,  seven  do 

not  show  even  incipient  signs  of  alteration,  while  the  other  five  are  more  or  less 

disintegrated  through  the  oxidation  of  the  pyrites  contained  in  them.     It  remains 

to  he  seen,  therefore,  whether  by  proper  care  the  more  and  less  snlphnreons 

coals  cannot  be  worked  separately,  and  used  for  different  purposes.' 

With  reference  to  gas  manufacture,  Mr.  Hughes  has  stated'  that  the  best 

known  gas  coal  in  the  R&niganj  field  is  that  from  S&nktoria,  which  yields  about 

9,000  cubic  feet  per  ton.     Mr.  Kitt's  analysis  gave  10,900  feet  from  that  of 

Makum,     In  this  connection  it  will  be  observed,  on  comparison  of  the  ultimate 

and  proximate  analyses  of  Makum  and  R&niganj  coals  g^ven  above,  that  a  large 

proportion  of  the  excess  of  carbon  in  the  former  is  contained  in  the  volatile 

portion  of  the  fuel. 

F.  R.  MALLET. 


Expenments  on  the  Coal  of  Pind  Dadun  Kh&n,  Salt-range,  wUh  reference  to  the 

production  of  Gas ;  made  April  29thf  1881^  hy  Mr.  G.  H.  Blackburn,  S^perm- 

tendent  of  the  Bdtoalpindi  Gas^toorJcs. 

There  is  reason  to  believe  that  the  sample  of  coal  on  which  the  experiments 

were  made   was   a  picked  one,  and  that  it  is  improbable  that  similar  results 

would  be  obtained  from  an  average  sample  of  the  general  bulk. 

The  coal  was  rather  small,  having  been  much  broken  up  in  transit  by  rail. 
On  the  whole  it  was  very  dull  and  heavy,  but  there  were  a  few  "  shiny  "  pieces  here 
and  there.     At  12  noon,  the  three  retorts  were  charged,  each  with  one  maund :— 


Time. 

State  of  Meter. 

Gas  made. 

Total  Production. 

C.ft. 

Cft. 

12        noon 

9,342,100 

•  «• 

•  •• 

12-30  P.  M. 

9,342.640 

440 

«  ■  • 

*          f»               •••                 •>• 

9,342.780 

240 

680 

1-30     „ 

9,342,960 

180 

860 

2 

9.343.100 

140 

1.000 

2-30     „ 

9,343,190 

90 

1,('90 

3-00     „ 

9.343.250 

60 

1,150 

3-30     „ 

9,343,270 

20 

1.170 

4 

9.343.290 

20 

1,190 

^30     „ 

9.343.300 

10 

1,200 

"          ff               •..                 ••• 

9,34^.300 

Nil 

1,200 

6-10     „ 

Retorts  drawn. 

8  mds.  produced  1,200  c,  ft.  =  400  c.  ft.  per  maand. 
400  X  27i  =  10,900  c.  ft.  per  ton. 

Tbe  coke  produced  is  very  small  indeed— like  fine  ash,  and  smeUs  excessively  of  sulphur. 

Total  produce  of  coke  =  mds.  1-34/. 

8  mds.  coal  produced  74  seers  coke  =  seers  24i  per  maund. 
.•.24f  IT  27i  =  mds.  16-29  of  coke  per  ton  of  coal. 

The  gas  was  roughly  tested  photometrically  the  same  evening;  the  burner  nsed  was  London 
D.,  and  the  light  given  was  very  good. 

The  result  of  the  testing  showed  the  gas  to  be  equal  to  about  12|  standard  candles. 

The  amount  of  sulphur  however  is  excessive,  as  shown  by  the  test  papers  hereto  attached,  and 
which  were  exposed  only  during  the  period  of  testing;  and  the  smeU  in  the  close  Photometer 
house  was  very  pungent. 

«  Memoirs,  XII,  849.  •  Vol.  X,  p.  16 
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Report  on  the  proceedings  and  results  of  the  International  Geological  Congress 
of  Bologna.  By  W.  T.  Blanford,  F.R.S.,  Senior  Depvty  Superintend^tU, 
Geological  Survey  of  India, 

The  origin  of  the  Bologna  Geological  Congress  may  be  stated  in  yery  few 
words.  A  number  of  geologists  of  yarious  nations,  after  visiting  the  UniverBal 
Exhibition  of  Philadelphia  in  1876,  met  at  Buffalo  and  nominated  a  Committee 
to  make  the  necessary  preliminary  arrangements  for  an  International  G^eologicaI 
Congress  at  Paris  in  1878.  The  object  of  this  Congress  was  to  decide  upon  rules 
for  the  construction  of  geological  maps,  and  for  geological  nomenclature  and 
classification. 

The  Geological  Congress  of  Paris,  the  first  of  a  series  that  may  very  possibly  bo 
further  extended,  met  on  the  29th  of  August  1878  at  the  Trocadero  Palace,  and, 
having  elected  M.  Hubert  President,  proceeded  to  a  discussion,  which  lasted 
for  seven  days,  on  the  various  subjects  included  in  the  general-programme. 
Little  more  was  done  than  to  determine  upon  the  course  to  be  adopted  in  future, 
to  nominate  two  International  Committees  who  should  report  upon  the  two 
important  questions  of  (1)  geological  nomenclature,  and  (2)  the  colours,  signs, 
and  other  marks  to  be  used  in  geological  maps,  to  entrust  a  third  Committee 
with  the  task  of  reporting  upon  the  rules  of  nomenclature  to  be  used  in  pal»on- 
tology,  and  to  determine  that  the  second  meeting  of  the  Congress  should  take 
place  at  Bologna  in  Italy  in  the  present  year  1881.  A  fresh  Conmiittee  was 
appointed  to  make  arrangements  for  the  Bologna  Meeting  or  Second  Interna- 
tional Geological  Congress,  which  met  on  the  26th  September  last. 

The   Committee  on  geological   nomenclature    (commission  pour  Vunijieatum 

de  la  nomenclature  en  giologie),   with  the  addition  of  representatives  of  some 

nations  not  included  in  the  original  list,  finally  comprised  the  following : — 

Professor  F.  Romeb      .  • Germany 

Prof.  Jab.    Hall United  States  of  Ammca. 

Dr.  Sterbt  Hukt Canada. 

Professor  A.  Litersidob Australia. 

Dr.  M,  E.  Mojsisovics Austria. 

Professor  Q.  Dbwalqub Belgium. 

l*rof.  H^BEBT  Pranoe. 

Prof.  J.  ViLANOTA ,  Spain. 

Mr.  C.  IliBBiBO •        .  Portugal. 

Professor  T.  McK.  Hughes British  Isles. 

Prof.  J.  SzABO  Hungary. 

Prof.  J.  Capbllini Italy. 

Prof.  Stephanbsco Roumania 

Prof.  Inostbanzeff Russia. 

I'rof,  LuNDOBKN  .......  Scandinavia. 

IVof.  A.  Fatbb  Switzerland. 

The  members  mentioned,  with  very  few  exceptions,  formed  a  national  Sub- 
committee, exclusively  composed  of  geologists  of  his  own  nationality.  Of  these 
different  Sub- Committees,  7,  viz.,  those  for  Belgium,  France,  Spain  and  Portugal 
(jointly).  Great  Britain  and  Ireland,  Hungary,  Italy,  and  Switzerland,  reported 
more  or  less  fully  to  the  general  Committee.     No  reports  were  received  from  the 
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other  Snb-Committees,  bat  a  separate  communication  was  sent  by  Prof.  J.  D. 
Dana  of  the  United  States,  and  this  was  printed  with  the  others  in  the  general 
report  drawn  up  bj  Prof.  Dewalque,  and  furnished  to  each  member  of  the  Bo- 
logna Congress. 

The  Committee  on  colours  and  signs  for  geological  maps  (unification  dea 
figurBs  ou  des  procides  gra'phiques  en  giologie)  consisted  of  the  following  mem- 
bers, the  majority  of  whom,  as  in  the  case  of  the  Committee  on  nomenclature 
formed  Sub-Committees  of  their  own  countrymen  :^ 

A.  Selwyn,  Director  of  the  Geological  Survey  of  Canada,  for  Canada. 

J.  P.  Lesley,  Director  of  the  Geological  Survey  of  Pensylvania — United  States. 

A,  Liversidge,  Professor  at  tjie  University  of  Sidney — ^Australia. 

A.  Ramsay,  Director  of  the  Geological  Survey  of  Great  Britain  and  Ireland-— 
British  Isles. 

Otto  Torell,  Director  of  the  Geological  maps  of  Sweden — Scandinavia. 

y.  von  Moeller,  Professor  at  the  Institute  of  Mines,  St.  Petersburgh — Russia 

M.  V.  Hantken,   Director  of  the   Geological  Institute  at  Buda-Pesth — ^Hun- 

gary- 

Freiherr  v.  Hauer,  Director  of  the  Imperial  and  Boyal  Geological  Beichsan- 
stalt  at  Vienna — Austria. 

G.  W.  GUmbel,  Director  of  the  Geological  map  of  Bavaria — Germany. 

F.  Giordano,  Inspector- General  of  Mines  at  Home — Italy. 

J.  B.  de  Chancourtois,  Prof essor  at  the  School  of  Mines  in  Paris — France. 

E.  Dupont,  Director  of  the  Boyal  Belgian  Museum  at  Brp^els— Belgium. 

C.  Bibeiro,  Chief  of  the  Geological  Section  of  Portugal  at  Lisbon — Iberian 
Peninsula. 

E.  Renevier,  Professor  at  the  Academy  of  Lausanne— Switzerland. 

Mr.  Selwyn  was  President  and  M.  Renevier  Secretary,  and  the  latter  drew  up 
the  report  of  the  general  Committee.  He  had  previously  published  two  memoirs 
with  r&um6s  of  the  Sub-Committee's  reports.  The  first  and  most  important  ques- 
tion was  the  adoption  of  an  international  scale  of  colours  to  represent  the  geological 
series,  each  colour  in  the  scale  corresponding  to  one  of  the  great  sub-divisions, 
such  as  Carboniferous  or  Jurassic,  under  which,  by  the  common  consent  of 
geologists,  sedimentary  rocks  have  been  classified.  The  other  questions  consi- 
dered were  (2)  the  colouration  to  be  adopted  for  igneous  rocks ;  (3)  the  lettering 
to  be  employed  for  the  distinction  of  beds  of  difEerent  geological  ages ;  (4) 
various  signs  and  marks  for  the  representation  of  petrological,  palaeontological 
and  other  characters  ;  (5)  the  scale  for  general  maps  ;  and  (6)  the  organisation 
of  future  work. 

There  can  be  no  doubt  that  for  all  the  geological  surveys  of  the  world,  and 
perhaps  for  geologists  in  general,  the  questions  affecting  geological  colours  and 
signs  were  the  most  important  of  all  those  submitted  to  the  Congress.  They  had 
the  enormous  advantage  of  being  entirely  independent  of  language, — a  difficulty 
which,  must  always  interfere  with  the  adoption  of  a  general  nomenclature,  for 
terms  in  one  language  are  far  from  being  exactly  equivalent  to  corresponding 

I 
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terms  of  the  same  etymological  derivation  in  another  tongue.  But,  unfortunately, 
BO  many  widely-diverging  systems  of  colouration  have  been  adopted  by  geologists 
in  various  countries,  that  any  general  compromise  must  produce  a  difference 
between  maps  coloured  on  the  scale  adopted,  and  all  those  previously  issued.  And| 
as  will  be  seen  in  the  sequel,  although  the  Congress  came  to  a  decision  on  several 
points,  a  far  larger  number  were  left  undecided. 

The  importance  and  difficulty  of  the  question  of  map  colouration  and  signs 
induced  the  committee  of  organisation  to  offer  a  reward  of  five  thousand  Francs 
(£200)  for  the  best  memoir  on  the  subject.  Several  memoirs^  were  received,  but 
none,  in  the  opinion  of  the  judges,  merited  the  full  prize,  which  was  distributed 
amongst  the  three  best  dissertations." 

The  third  committee,  on  the  nomenclature  of  species,  consisted  of  MM.  Cotteaut 
Douvill^,  Gaudry,  Gosselet,  Pomel,  and  De  Saporta  for  Palsdontology,  and  M3I. 
Des  Cloizeauz  and  Jannettaz  for  Mineralogy.  The  palsBontological  committee,  of 
which  Mr.  Gaudry  was  President  and  Mr.  Douvill6  Secretary,  furnished  a  report; 
but  this  report  has  not  the  same  importance  as  the  others  already  mentioned ;  for, 
despite  the  high  position  occupied  by  several  of  the  members,  the  circum- 
stance of  all  belonging  to  one  nation  deprives  the  Committee  of  the  representatiTe 
character  possessed  by  the  other  two  ;  and  with  regard  to  palsBontological  no- 
menclature, there  can  be  no  doubt  that  the  rules  to  be  adopted  for  all  biology,  both 
of  living  and  fossil  forms,  must  be  determined  by  a  general  consensus  of  botanists 
and  zoologists, — palaaontologists  being  admitted  as  biologists  and  not  as  geologistp. 
It  is  manifest  that  for  a  geological  congress  to  attempt  to  settle  rules  for  biologi- 
cal nomenclature  would  be  as  ineffectual  as  for  a  congress  of  biologists  to  attempt 
to  define  geological  terms.  However  excellent  the  imles  adopted  might  be,  they 
would  not  receive  general  acceptance,  because  the  legislators  would  not  be 
considered  competent  to  decide  on  matters  with  which  many  of  them  could  have 
but  an  imperfect  acquaintance. 

Indeed,  it  may  here  be  stated,  once  for  all,  that  although  a  geological  congress, 
as  at  present  constituted,  has  great  advantages  for  the  discussion  of  various 
questions  proposed  to  it,  it  also  suffers  from  great  disadvantages  in  endeavouring 
to  decide  upon  difficult  points.  The  majority  of  the  members  necessarily  belong 
to  the  nation  in  whose  country  the  meeting  is  held,  and  although  all  are 
qualified  who  have  the  right  to  vote  (none  being  admitted  as  effective  members 
who  are  not  either  geologists  by  profession  or  else  the  authors  of  geological 
memoirs),  still  there  is  sometimes  a  preponderance  of  particular  views  amongst 
geologists  of  one  nation,  which  may  not  be  as  generally  held  by  those  in  other 
countries.  For  some  of  the  very  delicate  and  difficult  points  involved  in  questions 
like  that  of  nomenclature,  it  would  be  far  more  satisfactory,  if  practicable,  that 
the  voting  on  disputed  questions  should  be  limited  to  the  representatives  of  geolo- 
gical societies  and  geological  surveys. 

The  difficulties  of  language  appear  more  formidable  than  they  have  been 
found  in  reality  to  be.     The  sole  language  employed  at  the  Paris  and  Bologna 

'  Six  I  believo,  but  I  am  not  qnit«  sure  of  the  number. 

'  Tbec«  were  by  MM.  Ueim  of  Zurieb,  Carpiiiski  of  St.  Pctcnbui-g,  and  Maillard  of  Lausanne 
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Congresses  was  French,  and  almost  necessarilj  so,  since  it  is  the  only  one  that 
is  easily  understood  by  nearly  all  the  members.  A  slight  advantage  was  doubtless 
afforded  to  the  French  and  Belgian,  and  to  some  of  the  Swiss,  members,  who  used 
their  native  tongue,  but  all,  however  imperfect  their  powers  of  expressing  them- 
selves, were  heard  with  equal  patience ;  and  it  is  not  quite  certain  that  the 
abridgement  of  the  discussions,  owing  to  the  imperfect  power  of  many  speakers 
to  express  themselves  with  fluency,  was  not  a  gain  that  counterbalanced  many 
disadvantages. 

As  already  mentioned,  the  second  Geological  Congress,  which  I  attended  by 
order  of  the  Government  of  India,  met  at  Bologna  on  the  26th  September  1881. 
Altogether  about  200  members  were  present,  of  whom  130  were  Italians  and  70 
foreigners.  Professor  Capellini  was  elected  President,  and  the  following  were 
made  Vice-Presidents,  as  representatives  of  the  different  countries  named : 


Austria 

Bavaria 

Belginm 

Canada 

Denmark 

Spain 

United  States 

France 

Great  Britain 

Hungary 

India 

Italy 


» 


Portugal 

Prussia 

Boumania 

Bussia 

Sweden 

Switzerland 


M.  Mojsisoyics. 
Zittel. 
Dewalque. 
Bterry  Hunt. 
Waldmar-Schmidt. 
Vilanova. 
J.  Hall. 
Daubrfe. 
McK«  Hughes. 
Szabo, 
Blanford. 
Menegliini. 
De  Zigno. 
Delgado. 
Beyrich. 
Stefanesco. 
V.  Moeller. 
Torell. 
Bonevier. 
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M.  Giordano  was  elected  General  Secretary;  Messrs.  Bomemann,  Delaire 
Fontannes,  Pilar,  Taramelli,  Topley,  IJzielli,  and  Zezi,  Secretaries ;  and  M.  Scara- 
belli,  Treasurer.  M.  Hubert,  the  President  of  the  first  Congress,  attended  the 
second  Congress  throughout,  and  M.  Q.  Sella  was  Honorary  President. 

The  above  names  are  merely  given  to  show  that  the  Congress  was  fairly  re- 
presentative. The  greater  number  are  well-known  geologists,  and  amongst  the 
other  members  of  Congress  were  several  distinguished  men.  All  those  named, 
with  the  addition  of  Messrs.  Bioche,  Bosniaski,  Briart,  De  Chanconrtois,  Cocchi, 
Cossa,  Fischer,  Gemmellaro,  Guiscardi,  De  Hantken,  Hauchecome,  Issel,  Inos- 
tranzeff,  Jaccard,  Malaise,  Mayer-Eymar,  Omboni,  Pellati,  Pirona,  Schmidt, 
Seguenza,  Silvestri,  Stoppani,  and  Trautschold,  formed  the  Council  or  General 
Committee  of  the  Congress. 

The  first  meeting,  that  of  September  26th,  was  chiefly  formal,  and  devoted  to 
the  election  of  officers  and  delivery  of  addresses.  The  meetings  of  September 
27th  and  28ih  were  devoted  to  geological  nomenclature,  those  of  the  29th  and 
30th  to  geological  maps  {}^ifieation  des  figures),  that  of  October  1st  to  palseontolo- 
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gical  nomenclattLre,  and  on  October  2nd  the  Congress  was'formfdlj  closed  and 
Berlin  chosen  as  the  seat  of  the  next  meeting  in  1884,  The  following  aGConnt  of 
the  resnlts  of  the  Congress  will  show  what  has  been  done.  The  principal  of  them 
are  contained  in  the  **  ProceS'Verhattx  Sommaires^'  already  printed,  giving  short 
accounts  of  the  business  transacted  each  day. 

In  the  sittings  of  September  27th  the  following  resolutions  were  adopted  bj 
a  large  majoritj.  They  were  taken  from  the  report  of  the  French  Committee  on 
nomenclature  :— 

Geology  is  the  history  of  the  earth,  ^  The  fads  which  enable  vs  to  retrace 
(restaurcr)  this  history  are  contained  in  the  mineral  masses  constituting  the  crud  cf 
the  earth. 

Mineral  masses. — Mineral  masses  may  he  considered  under  three  aspects  ;  ihat  of 
their  nature,  or  of  their  composition,  that  of  their  origin^  and  that  of  their  age. 

Rocks. — Considered  with  regard  to  their  composition^  mineral  mouses  taketh 
name  of  Rocks.     Thus  we  may  say^^ 

Granitic  rocks. 
Calcareous  rocks. 
Argillaceous  rocks,  &o. 

Formations. — With  reference  to  their  origin,  mineral  masses  are  called  Forma- 
tions, a  word  used  by  several  nations,  but  which  belongs  to  the  French  language,*  This 
term  is  only  an  abridged  form  of  ^  mode  of  fonrwdion,^  and  consequently  implies  of 
itself  the  idea  of  origin. 

The  translation  of  the  paragraph  on  the  word  formation  in  M.  Dewalqne's 
general  report  is  the  following.  This  paragraph  was  not  adopted  specially,  bat 
it  agrees  entirely  with  the  preceding : 

"  The  word  formation  implies  the  idea  of  origin  and  not  of  time.  It  should 
note  be  employed  as  a  synonym  of  system  (terrain)  or  of  stage  (^tage).  But  we 
may  very  well  say :  eruptive  formations,  granitic,  gneissic,  calcareous  formations, 
marine  or  lacustrine  Jormations,  chemi4ial  Bud  detrital  formations,  ^." 

After  accepting  the  four  paragraphs  translated  above  from  the  French  report, 
the  meeting  took  up  the  consideration  of  the  r^sum^  and  conclusions  contained 
in  the  general  report,  adapted  by  M.  Dewalque,  Secretary  of  the  Committee  for 
the  Unification  of  Geological  Nomenclature,  from  the  separate  reports  of  the  differ- 
ent national  committees. 

The  opening  paragraphs  of  this  r^sum^  deal  with  terms  applied  to  mineral- 
masses  in  general  with  regard  to  age.  After  a  rery  brief  summary,  the  concln- 
sions  are  stated  in  twenty-eight  paragraphs,  consecutively  numbered ;  and  of  these 
paragraphs  a  certain  number  were  discussed,  altered,  or  amended,  in  several  in- 
stances, and  voted  seriatim. 

The  following  paragraph  of  the  preliminary  summary  is  essential  to  the 
clear  comprehension  of  the  various  paragraphs.     M.  Dewalque  writes  :— 

"  Let  us  first  examine  that  which  concerns  classification  proper. 

*^  All  geologists  agree  in  admitting  about  ten  great  series  of  strata^  usually 
distinguished  in  French  under  the  name  of  terrains^  which  are  classed  together 

'  That  Ib  of  the  planet,  on  which  we  lire. 

*  That  18,  in   this  especial  signification.    It  was  agreed  to  give  np  the  nae  of  the  tenn  in  the 
■anse  of  rocks  of  any  particular  geological  age. 
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in  four  or  five  groups  of  a  higher  grade,  and  which  are  daily  being  divided  and 
snb-divided  to  a  greater  extent.  What  are  the  terms  to  be  employed  for  the 
different  grades  of  this  classification  ?  The  following  table,  in  which  the  second 
column  corresponds  to  those  divisions  which  we  have  jast  called  "terrains," 
records  the  opinions  of  the  different  committees.  In  the  absence  of  the  Ameri- 
can report,  it  has  appeared  oseful  to  insert  the  proposition  recently  made  by  one 
of  the  members.  In  this  case,  as  in  that  of  the  English  propositions,  we  have 
considered  that  we  might  put  in  the  first  colnnm,  bnt  between  parenthesis,  the 
expressions  which  it  appears  to  us  would  be  employed  by  the  authors  of  the 
reports/* 


1 

2 

8 

4                       6 

*«  America'  (Dana) 

(Terranes) 

Terrane 

Group 

Stage          Beds,  Sub  stage. 

Belginm 

Terrains 

Terrain 

Syst^me 

£tage          Soos-^tage,  assise 

France 

Terrains 

Ternun 

iStage 

Sous  ^tage  Assise. 

Spain  and  Portogal 

S^rie 

Temdn 

Membre 

iStage            Zone. 

Great  Britain 

(Systems) 

System 

Formation 

P                   ? 

Hongary 

Formations 

Formation 

iStage 

Assise          Couches, 

Italy 

Terreno 

Systema 

Piano 

P                   ? 

Switzerland 

S^rie 

Terrain  (Qebilde)  Syst^me 

iStage  (Stufe)  Assise. 

It  is  unnecessary  to  translate  at  length  the  resolutions  originally  proposed  by 
M.  Dewalque,  since  nearly  all  were  modified  by  the  Congress.  The  terms  he 
ultimately  proposed  for  adoption,  and  those  accepted  by  the  Congress,  were  the 
following  :  — 

1.  For  the  first  grade,  that  is,  for  a  division  of  the  whole  series  corresponding 

to  palseozoic  or  mesozoic,  no  separate  term  was  proposed.  It  was  sug- 
gested that  the  plural  of  the  2nd  grade  should  be  used,  and  that  geologists 
should  write,  e.g.,  the  secondary  terranes.  The  Congress,  however,  by  a 
large  majority  adopted  the  term  groujpe  (group). 

2.  For  the  second  grade,  the  most  important  of  all,   that  corresponding  to 

such  sub-divisions  as  Silurian,  Carboniferous,  Jurassic,  &c.,  the  term 
terrain  was  proposed  in  French,  terrane  in  English,  Qebilde  in  German. 
After  a  long  discussion,  however,  the  word  systeme  (system)  was  adopted 
by  a  considerable  majority. 

3.  For  the  third  grade,  corresponding  to  such  sub-divisions  as  upper  and 

lower  Silurian,  lias,  dogger,  neocomian,  &c.,  the  term  groujpe  or  systeme 
had  been  proposed  in  M.  Dewalque's  report.  Both  these  terms  having 
been  otherwise  defined,  he  next  proposed  division.  This  led  to  a  long 
discussion  and  much  difference  of  opinion,  and  another  term,  sh-ie^  was 
supported  by  a  large  section  of  the  members.  The  show  of  hands  leav- 
ing the  result  doubtful,  a  ballot  was  taken,  in  which  52  votes  were 
given  for  the  word  sirie^  and  35  for  division.  The  former  term  was 
consequently  adopted  ;  but,  as  it  was  shown  that  the  corresponding  ex- 
pressions in  Oerman  and  Russian  were  inadmissible,  it  was  finally  agreed, 
after  the  subject  had  been  reconsidered  by  the  Council,  that  two  terms, 

'  This  is  merely,  it  shonid  be  remembered,  Mr.  Dana's  personal  suggestion,  and  I  wu 
astnred  by  the  American  geologists  present  at  Bologna  that  the  adoption  of  the  term  teirane  would 
no  more  be  approved  by  American  geologists  in  general  than  by  English. 
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serie  and  section^  miglit  be  employed,  the  German  equivalent  of  the 
latter  being  Ahtheiltmg,^ 

4.  For  the  next  lower  grade  of  divisions,  equivalent  to  associations  of  strata 

like  those  distinguished  in  the  Jurassic  system  by  the  names  of  Purbeck, 
Portland,  Kimmeridge,  Oxford,  Bath  Oolite,  &c.,  the  term  Uage  in 
French  and  its  equivalents  (stage  in  English,  8tufe  in  Oerman,  piano  in 
Italian,  piso  in  Spanish)  were  recommended  in  the  report  and  accepted 
almost  unanimously. 

5.  For  the  next  sub-division  the  term  assise  was  adopted  by  a  large  majoritj. 

In  the  report  it  was  suggested  that  the  corresponding  tenns  should  be 
beds  in  English,  Schichten  in  German,  strata  in  Italian.  The  choice  of 
terms  was,  however,  left  open. 

Paragraphs  7  and  8  of  M.  Dewalque's  report  were  unanimously  accepted. 
They  run  thus — 

7.  The  case  may  occur  in  which  a  geologist  thinks  it  desirable  to  group  together 

a  certain  number  of  assises  into  intermediate  subdivisions,  which  united 
together  would  form  an  Hage.  In  such  cases  the  intermediaie  sub-divisions 
would  bear  in  French  the  name  of  sous-^tage. 

8.  The  lowest  element  of  stratified  systems  is  the  strate  (stratum)  or  oouche  (bed). 

The  remaining  paragraphs  of  M.  Dewalque's  report  on  terms  of  classifica- 
tion were  not  discussed,  but,  as  they  contain  some  valuable  suggestions,  a  trans- 
lation is  appended. 

9.  The  word  banc  (banh*)  is  applied  to  beds  that  are  thicker  or  more  coherent 

than  those  in  the  neighbourhood,  or  between  which  they  are  interca- 
lated. 

10.  Inversely,  thin  or  slightly  coherent  beds  will  be  distinguished  in  French 

by  the  word  lU.^ 
"  11.  The  English  plural  rocks,  and  its  corresponding  terms  roches,  roccie,  will 

have  the  same  signification  as  assise :  Ex. — Llandovery  rocks,  roxie  a 

Olobigerine. 

"  12.  A  zone  is  an  assemblage  of  beds  of  inferior  order,  characterised  by  one 
or  more  special  fossils,  after  which  it  is  named. 
''This  expression  is,   therefore,  synonym  of  the  preceding  one,  from 
which  it  differs  by  the  necessary  addition  of  one  or  two  names  of 
fossils. 

^  Section  is,  of  course,  inapplicable  in  English,  as  it  has  another  signification,  which  would  lead 
to  confusion.    Division  might  be  nsed,  as  it  is  the  equivalent  of  Abtheilung. 

It  is  not  clear  whether  this  term  is  supposed  to  be  applicable  in  English;  but,  if  so,  the 
supposition  is  erroneous.  The  English  term  hand  might  be  used,  but  it  may  be  quertioned  whe- 
ther the  distinction  is  neoessaiy. 

'  In  a  foot-note,  M.  Dewalque  remarks  that  he  has  not  attempted  to  propose  the  exact  limita- 
tion of  the  English  terms  bed  and  layer.  Ho  admits  that,  whilst  the  exact  English  equivalent  of 
lit  is  bed,  the  latter  word  is  employed,  as  a  rule,  in  the  sense  of  the  French  word  eotieke.  If  the 
distinction  be  really  of  sufficient  importance  to  deserve  recognition,  there  would  probablj  be  no 
objection  to  the  use  of  layer  as  an  equivalent  term  to  lit. 
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''It  may  also  happen  that  a  'zone'    may  be  an  'assise,'^  although   the 

former  is  more  frequently  a  division  of  the  4th  order. 
"  13.  The  name  of  horizon  is  given  to  a  bed  or  to  a  set  (s^rie)  of  beds  which 
possess  well-marked  characters,  by  means  of  which  they  may  be  easily 
distinguished  over  large  tracts  of  country. 
"  14.  The  word  depot  (deposit  in  English)  should  only  be  appb'ed  to  a  mass 
produced  during  a  period  of  time,  or  within  an  area  limited  and 
characterised  by  a  certain  petrographical  homogeneousness." 
It  is  as  well  that  these  various  terms  should  undergo  further  consideration 
before  any  attempt  is  made  to  define  them  exactly. 

Before  proceeding  further,  it  may  be  as  well  to  show  the  application  of  the 
terms  agreed  upon  to  some  of  the  Indian  rocks.  Taking,  for  instance,  the  creta- 
ceous deposits  of  Trichinopoly,  all  belong  to  thp  upper  aeries  of  the  cretaceous 
tystem,  which  is  part  of  the  mesozoic  group  ;  and  near  Trichinopoly  three  mariue 
liojget  are  distinguished, — the  Arialur,  Trichinopoly,  and  Utatur  siages.  Similarly, 
the  Jurassic  system  of  Gutch  comprises  four  stages, — Umia,  Katrol,  Chari,  and 
Patcham.  Again,  the  great  Gondwana  system  is  divided  into  several  series,  of 
which  the  Damuda  is  one,  and  the  Raniganj,  Iron-stone  shales  and  Barakar  are 
the  stages  constitxitm g  thhi  series.  As  an  example  of  an  *^  assise,'*  the  Talchir 
boulder  bed  might  be  quoted. 

The  next  question  for  discussion  was  the  ase  of  chronological  terms  corre- 
sponding to  the  various  divisions  already  defined.  After  much  discussion  the 
following  were  adopted  :— 

1.  Era,  coiresponding  to  group. 

2.  Period,  corresponding  to  system. 

3.  Epoch,  corresponding  to  series. 

4.  Age,  corresponding  to  stage. 

All  these  were  voted  either  unanimously  or  by  large  majorities,  except  the  word 
epoch,  which  was  only  preferred  to  cycle  by  a  single  vote,  the  numbers  on  a 
ballot  being  47  to  46. 

It  has,  consequently,  been  determined  that  the  correct  expressions  to  use  are — 
Palffiozoic  or  mesozoic  era. 
Silurian,  Jurassic,  or  eocene  period. 
Lias  or  neocomian  epoch, 
Kimmeridge  or  Purbeck  age. 
Of  all  the  decisions,  those  which  will  probably  appear  least  judicious  are  the 
significations  given  to  the  two  words,  group  and  series.     Loosely  as  these  expres- 
sions have  hitherto  been  employed  in  English,  the  term  series  has,  as  a  rule,  been 
understood  to  imply  a  higher  grade  in  geological  classification,  and  to  embrace 
a  greater  range  of  rocks  than  group.     However,  there  is  no  insuperable  objection 
to  the  reversal  of  these  significations. 

It  had  been  proposed  to  consider  the  application  of  a  systematic  terminology 
to  groups,  systems,  series,  and  stages ;  to  let  all  names  of  systems,  for  instance. 

There  appears  to  be  some  mistake  lie^^e ;  I  can  only  say  that  the  above  is  an  exact  translation 
of  the  origiiiaL 
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terminate  m-.ique  in  French,  and...ie  in  English,  like  Jnrassic  and  Triassic,  and 
to  employ  Gretacic,  Carbonic,  and  Silnric,  instead  of  the  ordinary  terminations. 
The  Congress,  however,  very  wisely  refnsed  to  discnss  the  question. 

It  has  already  been  stated  that  the  meetings  of  September  29th  and  30th 
were  devoted  to  the  coloars  and  signs  for  geological  maps.  The  greater  part  of 
the  first  day,  however,  was  taken  up  by  a  discussion  on  the  proposed  general 
geological  map  of  Europe.  It  is  needless  to  enter  into  particulars  on  this 
subject,  and  it  is  sufficient  to  state  the  conclusions  adopted.  It  was  agreed  that 
the  map  should  be  prepared  at  Berlin,  and  that  the  work  should  be  under  the 
supervision  of  a  committee  thus  composed  :^- 

MM.  Beyrich  and  Hauchecorne,  Executive  Directors,  for  Germany. 

M.  Mojsisovics  for  Austria-Hungary. 

M.  Daubr^e  for  France. 

Mr.  Topley  for  England. 

M.  Giordano  for  Italy. 

M.  de  Moeller  for  Russia. 

M.  Benevier  as  the  Secretary  of  the  original  Committee  on  map  colour- 
ation. 

The  scale  is  to  he  ^  ^^J^  (between  23  and  24  miles  to  the  inch).  The  Com- 
mittee to  meet  yearly  at  certain  fixed  times  and  places. 

It  may  be  added  that  the  great  delay  that  would  be  involved  prevented  the 
adoption  of  a  larger  scale.  It  is  well  to  bear  the  scale  of  this  map  in  mind,  as  it 
may  be  useful  to  prepare  maps  of  other  parts  of  the  world,  where  practicable,  on 
the  same  scale  and  with  the  same  system  of  colouration,  so  that  eventually  all 
may  be  combined  in  one  general  geological  atlas. 

The  next  subject  was  that  of  the  colours  to  be  employed  for  systems  of  different 
ages.  It  may  here  be  observed,  that  although  no  list  of  geological  systems  was 
approved,  that  upon  which  the  scheme  of  colouration  proposed  in  Prof .  Renevier*8 
report  was  based,  comprised  the  following  : — 

Eecent-- 

Pliocene  and  Plistocene.  -\ 

Miocene.  \  Tertiary  or  Cenozoio. 

Eocene.  ) 

Cretaceons.  ^ 

Jurassic.  V  Secondary  or  Mesozoic. 

Triassic.  J 

Carboniferous  (including  Permian  P)         '\ 

Devonian.  (Primary  or  Paleozoic 

Silurian  (including  Cambrian  P) 

Precambrian. 

The  following  resolutions  were  first  passed.  Both  are  considerably  modified 
from  that  originally  proposed.  All  mention  of  the  spectrum,  on  which  the  scheme 
adopted  was  originally  said  to  have  been  founded,  was  omitted,  and  very  justly, 
since  neither  the  sequence,  nor  in  some  cases  the  colours  proposed,  are  really  thoee 
of  the  solar  spectrum. 


1 

I 
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1.  The  Oeological  Congress  of  Bologna  consider  that  there  is  occasion  to  adopt  an  \ 
irdemational  agreement  for  the  application  of  colours  to  the  representation  of  geological  | 
formations.  The  series  q/*  colowrs  adopted  mill  be  recommended  to  all  countries  and  ] 
all  geologists,  especially  in  view  cf  general  works,  hut  without  any  retrospective  action 

npon  maps  in  process  of  publication, 

2.  Bose^carmine  (pink)  will  he  preferred  (sera  afEect^  de  preference)  for  crys» 

taXline  schists,  whenever  there  is  no  certain  proof  thai  they  are  of  Gamhrian  or  post-  j 

Cambrian  age,  ' 

Bright  rose  colour  may  he  reserved  for  rocks  of  pre-Cambrian  a^e,  and  pale  rose  1 

for  crystalline  schists  of  indeterminate  age.  j 

Both  these  resolutions  were  discnssed  at  considerable  length.  The  second 
resolution  originally  commenced  thus  :  '*  Bose-carmine  will  be  especially  applied 
(sera  affectee  sp^ialemenf)  to  crystalline  schists/'  and  it  was  objected  that  the 
phrase  should  be  modified  so  as  to  permit  the  application  of  the  colour  to  other 
rocks  in  case  of  need.  Another  objection,  that  some  pre-Cambrian  beds  may 
not  be  crystalline  schists,  was  partially  met  by  the  form  above  adopted  for  the 
second  part  of  the  resolution.  There  is,  however,  some  reason  to  suppose  that  fur- 
ther modification,  and  the  use  of  additional  tints,  may  become  necessary  in  countries 
Hke  North  America  and  India,  where  several  systems  of  rocks,  known  or  believed 
to  be  of  pre-Cambrian  age,  require  distinction. 

The  third  resolution  was  not  discussed,  as  it  was  considered  that  further  con- 
sideration was  necessary  before  the  classification  of  the  palaeozoic  rocks,  and  the 
colours  to  be  adopted  for  them,  could  be  decided  upon.     The  resolution  ran  thus. 

3.  Three  colours  will  be  applied  to  palaeozoic  systems  : — 

1st — ^Violet  for  silurian. 

2nd — Brown  for  Devonian. 

3rd — Dark  grey  for  Permian  and  Carboniferous. 

There  was  great  divergence  of  opinion  as  to  the  claims  of  Cambrian  and  Per- 
mian  to  be  distinguished  by  different  colours,  and  also  as  to  the  tints  to  be  em- 
ployed.  Thus  the  English  Committee,  whose  report  was  received  after  the 
general  report  had  been  printed,  recommended  the  following  scale  :  — 

Permian — Chalons  brown. 
Car6owi/croi«— dark  grey. 
Dei;<wian— Indian  red. 
Silurian — violet. 
Cambrian — purplish  violet. 
Pre-Cambrian — purplish  carmine. 

The  same  committee  proposed  to  distinguish  altered  fmetamorphic)  rocks,  of 
whatever  age,  by  lines  or  marks  of  red  above  the  colour  of  the  system. 

The  question  of  the  colours  to  be  used  for  palaeozoic  rocks  was  finally  referred 
to  the  International  Committee  appointed  to  supervise  the  map  of  Europe. 

In  Resolution  4  on  the  colours  for  mesozoic  rocks,  an  alteration  was  made 
on  the  proposal  of  M.   Benevier  himself  in  the   adoption  of  violet  instead  of 

K 
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brick-red,  the  colour  first  proposed,  for  trias.     The  resoltttion  thus  modified  waa 
passed.     It  runs  thus : — 

4.  Three  colours  are  applied  to  the  secondary  or  meaozoic  eystems, 

lit, — Violet  for  trios, 

2nd,'^Blue  for  Jurassic  (lias  maj  be  distinguished  bj  a  darker  blue). 

3rrf. — Oreenfor  cretaceous* 

The  cenozoic  rocks  were  qnicklj  disposed  of.  In  M.  Benevier's  reports  the 
colonration  proposed  was :  bright  yellow  (gamboge)  for  eocene,  chamois  yellow 
(a  kind  of  bnfE)  for  miocene,  and  pale  sepia  yellow  with  a  light  orange  tint  for 
pliocene  and  plistocene ;  modem  formations  to  be  left  white,  or  represented 
by  various  signs  on  a  white  ground.  The  modified  resolution  proposed  by  M.  Be- 
nevier  and  adopted  was  the  following : — 

5.  The  tints  of  yelloio  will  he  applied  to  the  cenozoie  group,  ike  higher  heis  Uing 
represented  by  paler  shades. 

This  was  almost  unanimously  agreed  to,  but  there  was  oonsiderable  diflcns- 
sion  as  to  the  selection  of  a  special  colour  for  quaternary  beds.  The  question  was 
ultimately  left  to  the  decision  of  the  Map  Committee. 

The  following  three  resolutions  were  then  unanimously  adopted  :— 

6.  The  sub-divisions  of  a  system  may  he  represented  hy  shades  of  the  colour  adopt- 
ed, hy  white  spaces  being  left  (reserves  de  blanc),  or  by  various  markings  (hacbures) 
a>ccording  to  the  particular  requirements  of  each  map,  the  only  condition  being  that 
these  markings  he  not  opposed  to  the  prographical  characters,  a/nd  that  they  do  not  render 
the  map  confused. 

The  shades,  either  full  or  broken  tints  (pleines  ou  par  r&erves)  shotdd  he  edited 
in  the  direct  order  of  age,  the  darkest  always  representithg  the  oldest  beds, 

7.  The  Utteral  notation  (lettering)  for  rocks  shall  he  based  upon  the  Latin  dtphahet 
for  sedimentary  amd  the  Cheek  alphabet  for  eruptive  formations. 

The  monogram  of  a  system  shall  he  formed  as  a  rule  hy  the  initial  capital  Utter 
of  that  system.  The  subdivisions  may  be  distinguished  hy  adding  to  the  capital  inir 
tial  letter,  either  the  small  letter  that  begins  the  name  of  the  subdivision  or  a  numer* 
ical  exponent,  or  either  one  or  the  other  as  most  convenient. 

The  numbers  of  numerical  exponents  ought  always  to  he  used  in  chronological 
order,  one  signifying  the  lowest,  that  is,  the  oldest  sub^division, 

8.  The  use  of  palaontological,  orographical,  chronological,  petrographical,  and  geo^ 
technical  signs,  is  recommended.  Those  which  are,  at  the  same  time,  the  simplest,  the 
most  distinctive  a/nd  the  most  easily  remembered,  should  be  preferred. 

It  may  be  useful  to  give  an  illustration  of  Resolution  7.  Taking,  for  in- 
stance, the  Triassic  system  which  would  be  represented  by  T,  the  three  principal 
stages,  Bunter,  Muschelkalk,  and  Keuper,  into  which  it  is  sub^diyided,  would  be 
indicated  by  Tb,  Tm,  and  Tk.  The  different  associations  of  beds  or  "assises"  in 
the  Bunter  would  be  represented  by  Tb^,  Tbj,  Tb^,  &o.,  Tbi  being  employed  for 
the  oldest. 

This  terminated  the  portion  of  the  work  relating  to  geological  maps.  The 
important  question  of  the  colouration  of  igneous  rocks  was  reserved  for  farther 
consideration. 


PART  1.]     BLAKVOBD  :  International  Geological  Congress  of  Bologna.  7& 

The  sitting  of  October  1st  was  occupied  with  the  consideration  of  the  mles, 
for  paladontological  nomenclature,  and  was  of  less  interest  than  the  meetings  of 
tiie  pxeviousdajs.  It  will  be  snfficient  to  give  a  translation  of  the  resolutions 
▼oted. 

1.  Th&  nomenclcUure  adopted  is  thai  in  which  each  being  is  indicated  by  a  gene* 
rie  and  a  specific  navm, 

2.  Sack  of  these  names  is  composed  of  a  single  word,  of  LaUn,  or  Latinised ; 

written  according  to  the  rules  of  Latin  orthography, 
8.  Species  ma/y  present  a  certain  number  of  modifications  connected  together  in 
tims  or  spa^e^  and  indicated  under  the  names  of  mutations  Or  yarieties' ; 
modifications^  of  which  the  origin  is  dovhtfulj  are  simply  called  forms. 
These  modificatums  luill  be  indicated^  if  necessary,  by  a  third  term,  preceded 
according  to  circumstances,  by  the  words  variety,  mutation  or  form,  or  by 
corresponding  abbreviations^ 

(a)  A  specifUfname  should  always  be  followed  by  the  name  of  ike  a/uthor  who 
established  it.  The  author's  name  is  placed  between  parentheses,  when  the  original 
generic  name  is  not  preserved;  and  in  this  case  it  is  useful  to  add  the  najne  of  the 
author  who  changed  the  generic  title. 

The  sam£  arrangement  is  applicable  to  varieties  raised  to  the  rank  of  species, 

4.  The  name  assigned  to  eo/ch  genus  and  each  species  is  that  under  which  it 

was  first  indicated,  provided  that  the  chara>cters  of  such  genus  and  species 
have  been  published  and  clearly  defined.  Priority  does  not  go  back 
beyond  the  twelfth  edition  of  Linnaeus,  1866. 

5.  In  future,  for  specific  names,  priority  will  not  be  irrevocably  acquired^  ea^cept 

when  the  species  is  not  only  described,  but  figured  also. 
It  was  thought  undesirable  to  proceed  further,    most  of  the  details  being 
matters  requiring  regulation  by  biologists  generally.     The  few  rules  passed  differ 
principally  from  those  adopted  by  M.  Douvill^'s  report  in  refusing  to  acknowledge 
pre-Linn8Dan  names. 

At  the  closing  meeting  on  October  2nd,  Prof.  Beyrich  was  named  President 
of  the  committee  of  organisation  for  the  next  Congress  at  Berlin,  and  a  fresh 
International  Committee  was  appointed  to  continue  the  work  relating  to  the  unifi- 
cation of  geological  nomenclature.  This  committee  consists  of  Messrs.  Zittel  for 
Germany,  Neumayer  for  Austria,  Dewalque  for  Belgium,  Sterry  Hunt  for  Canada, 
Vilanoya  for  Spain,  James  Hall  for  the  United  States,  Hubert  for  France,  Hughes 
for  Great  Britain,  Szabo  for  Hungary,  Blanford  for  India,  Capellini  for  Italy, 
Delgado  for  Portugal,  Stefanesco  for  Boumania,  Moeller  for  Russia,  Torell,  for 
Scandinavia,  Ch  Mayer  for  Switzerland.  This  committee  is  to  meet  next  year 
1882,  together  with  the  Map  Committee,  at  the  place  and  on  the  day  fixed  for  the 

*  That  is  to  lay,  (and  the  distinction  is  of  great  importance  for  geologists,)  a  mutation  is  a 
modified  form  of  a  species  found  in  a  bed  of  diiferent  age  from  that  containing  the  typical  form. 
A  variety  is  a  modification  due,  not  to  difference  of  geological  age,  but  to  geographical  distribution. 
The  distinction  between  these  terms  may  be  very  usefully  employed  in  geology.  The  original  pro- 
posal of  the  term  mutation,  to  express  secular  variation,  is  attributed  to  our  old  colleague,  Dr. 
-Waagen. 
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provincial  meeting  of  the  Geological  Society  of  France ;  in  the  enhseqnent  year 
1883,  at  the  meeting  of  the  Swiss  Society  of  Natural  Sciences. 

Considering  the  work  of  the  Congress  as  a  whole,  it  cannot  he  stated 
that  very  mnch  has  been  done  towards  the  unification  of  nomenclature  or 
of  colouration  and  signs  for  geological  maps.  But  still  something  has  heea 
effected ;  and  if  the  extreme  slowness  of  all  legislative  action  in  countries  where 
the  legislators  are  really  a  representative  body  be  taken  into  consideration, 
the  resolutions  passed  will  not  seem  so  meagre  as  at  a  first  glance  tLej 
appear  to  be.  A  commencement  has,  at  all  events,  been  made  towards  effecting 
both  the  main  objects  of  this  and  similar  congresses,  and  it  is  far  better  to  pause 
and  collect  further  evidence  before  coming  to  any  final  determination  than  to 
attempt  to  lay  down  rules,  which,  not  being  supported  by  a  majority  of  geologists, 
will  be  generally  disregarded.  With  reference  to  questions  of  nomenclature  it 
should  be  remembered  that  many  continental  nations,  and  especially  the  French, 
aim  at  greater  exactitude  in  the  choice  and  use  of  words  than  is  customary  in 
English,  and  the  importance  of  precise  definition  is  therefore  greater  to  them  than 
to  ourselves.  Each  system  has  its  advantages,  precision  may  be  carried  to 
excess,  and  so  may  layity,  even  in  the  use  of  words  ;  over-refinement^  and  the  nse 
of  terms  that  do  not  express  facts,  uLay  result  from  excess  on  the  one  side,  and 
confusion  from  excess  on  the  other,  but  unquestionably  there  is  need  for  the 
definition  of  a  considerable  number  of  terms  in  addition  to  those  already  adopted 
whilst  it  can  scarcely  be  said  that  any  now  accepted  are  unnocessaiy.  The  body 
of  geologists  throughout  the  world  is  large,  and  very  widely  scattered,  and  mnch 
time  is  necessary  before  the  general  feeling  of  the  whole  body  can  be  ascertained; 
Moreover,  the  use  of  a  congress  like  that  of  Bologna  is  by  no  means  limited  to 
making  abstract  resolutions.  It  is  of  vast  importance,  especially  to  those  who 
have  passed  a  great  part  of  their  lives  in  distant  parts  of  the  world  Hke  India, 
to  meet  the  geologists  of  other  countries  and  to  exchange  ideas. 
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SlE  ASHLKT  Epix. 

Galena,  from  Maingay^s  Island,  Tenasserinu 

OoMMAWPBB  A.  D.  TinoB. 
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Casts  of  skull  of   Bramatherium  and  of  teeth  of  Sivatherium  and  JEnkifdriodw  in  the 

Museum  of  the  Koyal  College  of  Surgeons. 

BTBXCHiJei. 
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TUlet  of  Boohs.  Donors, 

AxGBLiN,  N.  P. — Geologisk  Ofvenigis-karta  of?er  skane  med  Atfoljande  Text  (1877),  8vo., 
Land. 

Thb  Authob. 

Babbtti,  Mjlbtin. — Aper^n  G^olog^qne  snr  la  chaine  da  Mont  Blanc  en  rapport  avec  le 

trajet  prolxible  d*an  tannel  poar  une  nouvelle  ligne  de  chemin  de  fer  (1881), 

8to.  ph.,  Tario. 

Thb  Authob. 

BiiLB,  Lionel,  S. — ^Protoplasm;  or  Life,  Matter  and  Mind,  2nd  edition   (1870),  8vo., 

London. 

Mb.  R.  Lydbekbb. 

Bibliograpbie  G^ologiqne  et  Pal^ontologiqae  de  L'ltalie  (1881),  8yo.  pht.,  Bologna. 

CoNGB^  Gbol.  Intbbnational. 
BuKFOBD,  H.  F. — The  Indian  Meteorologist's  Vade-Mecam.     Parts  I  and  II,  with  Tables, 
for  the  redaction  of   meteorological    observations    in    ladia    (1877),  8vo., 
Calcutta. 

Mb.  R  Ltdeeebb. 
Bbovk. — Klassen  and  Ordnnngen  des  Thier-Reichs  :  Band  VI.,  Abth.  III.  Reptilien,  Lief 

22—24  (1881),  8vo.,  Leipzig. 
Bbownb,  Rbyd.  G.  F. — Ice  Caves  of  France  and  Switzerland  (1866),  8vo.,  London, 

Mb.  K.  Ltdbkkbb. 
OiFjLCCi,  D.  C. — La  Formazione  Ofiolitica  del  Monteferrato  Presso  Prato  (Toscana)  (1881), 
8vo.  pht.,  Itoma. 

Thb  Authob. 
CiFnuKZ,  G. — Avanzi  di  Sqnalodonte  nella  Mollasaa  Mamosa  l^ocenica   del  Bolognese 

(1881),  4to.  pht.,  Bologna. 

Thb  Authob, 

CiFBLLiKT,  G. — H  Macigno  di  Porretta  e  le  Roccie  a  Globigerine  dell'  Apennino  Bolognese 
(1881),  4to  pbt.,  Bologna. 

Thb  Authob. 
CiPBLUNi,  G.— Besti  di  Tapiro  nella  lignite  di  Sarzanello  (1881),  4to.  pbt.,  Roma. 

'    Thb  Authob. 
Congrk  de  Bologne. — Institnt  Cartograpbiqae  Militaire  de  Belgiqae.    Proc^d^  Figuratif 
applicable  aax  Cartes  G^logiqaes  (1881),  8Y0.''pht.,  Ixelles-Bruxelles. 

Thb  Institute. 
Congrk  G^logiqae  International.    Disooors  de  M.  J.  Capellini  (1881),  8yo.  pht.,  Bologne. 

The  Authob. 
Congr^  G^logiqne  International.    2me  Session,  Bologne  1881.    Discoars  de  M.  Q.  Sella 
(1881),  8vo.  pht.,  Bologne. 

Thb  Authob. 

Gongr^  G^ologiqne  International.  Reflexions  snr  la  classification  et  la  nomenclatare  g^lo- 
giqaes  a  propos  des  rapports  des  Commissions  Internationales,  par  J.  De 
Cofisigny  (1881),  8vo  pht,  Troyes. 

The  Authob. 

Daita,  Jakes  D.— Manual  of  Mineralogy  and  Lithology,  3rd  edition  (1879),  Svc,  London. 
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Titles  of  Books,  Bonon. 

Fleming  Sanpfobd.— The  Adoption  of  a  Prime  Meridian  to  be  eommon  to  all  nations.   The 

establishnient  of  Standard  Mendiaas  for  tlie  regolation  of  time  (1881),  8to. 

pht.,  London. 

Thb  Authoi. 
Gerber,  Fr. — Elements  of  tbe  General  and  Mmat«  Anatomy  of  Man  and  the  Mammalia  (1843), 
8vo.»  London. 

Mb.  B.  Ltdbeebb. 
Gloi0,  Rbt.  Faton,  J.— The  Primeval  World  (1859),  8vo.,  Edinboif^h. 

Mb.  R.  Ltdbkeeb. 
GozzADiNl,  J. — ^Nella  Solenne  Inan^razione  del  Mnseo  Civioo  di  Bologna  fatta  il  25 
Settembre  1881.    Diioorso,  (1881)  8to.  pht.,  Bologna. 

Thb  Authoi. 
GozzABiNi,  J. — Benseignements  sor  nne  ancienne  n^oropole  ^  Marzabotto  pr^  de  Bologne 
(1871),  8yo.  pht,  Bologne. 

Thb  Authob- 
Gbat,  HBBBY.-^Anatomy,  deeoriptive  and  surgioal,  5th  edition  (1869),  870w«  London. 

Mb.  R.  Ltdkexbb. 
Gbotb,  W.  R^The  Correlation  of  Physical  Foroee,  5th  edition  (1867),  870.,  London. 

Mb.  R.  Ltdbeebb. 
Gnide  I,  TExpoeition  GMogiqne  et  Pal^ntologiqne  (1881),  870.  phi.,  Bologne, 

CoKGBihs  GbOL.  IllTBBKATTOiril. 

Hall,  Jambs.— Natnral  History  of  New  York,  VoL  IV,  pt.  6,  and  Vol.  V  pt.  2  (withpUtw). 
(1867  and  1879),  4to.,  Albany. 

Thb  Author. 
HuMPHBT,  G.  M. — ^The  Hnnterian  Oration  delivered  at  the  Royal  College  of  Snigeons  of 
England  on  14th  Febraary  18791(1879),  870.,  London. 

Mb.  B.  Ltdbeebb. 
Institnt  de  G^logie  et  de  Pal^ntologie  h  Bologne :  Guide  aoz  CoUeotions  (1881),  8to.  phi., 
Bologne. 

Thb  TirenrtTTB. 
IssBL,  A.»  AVD  Mazzuolt,  L.— Relazione  degli  stndl  fatti  per  nn  riliero  delle  masse  ofioliti- 
ehe  nella  riviera  di  Levante  (Lignria)  (1881),  8yo.  pht.,  Roma. 

Thb  AuTHOBfli 
JuDD,  John  W. — Volcanoes:  what  they  are  and  what  they  teach,  2nd  edition  (1881),  8ro. 

London. 
Kauf,  Db.  J.  J. — Beitrage  znr  Naheren  Kenntniss  der  Urweltlichen  Sangethiere,  heft,  1—5 

(1856—1862),  4to.,  Darmstadt 
LooAV,  W.  £.,  AND  Hunt,  T.  Stbbbt.— Esqaisse  G^ologiqne  da  C!anada  (1855),  870.,  Paris. 

Mb.  R.  Ltpbeebs. 
Lydbkebb,  R.-*Notes  on  the  Dentition  of  Rhinoceros  (1880),  8vo.  pht.,  Calontta. 

Thb  Authoi. 
McCoT,  Fbbdbbicic.— Contribation  to  British  Paleontology  (1854),  8vo,  Cambridge. 

Mb.  R.  Ltdkeebi. 
MBNBaniKi,  G.  and  D'Abchiabdi,  A. — ^Nnovi  Fossili  Titonid  di  Monte  Frimo  e  di  SaoTi- 
cino  nell' Appennino  Centzale  (1879),  Sto.  pht,J*isa. 

Thb  Authom. 
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Titlet  of  Boohs,  Donort. 

MoiB,  E.  McA.— Report  of  a  visit  to  the  Torrent  Regions  of  the  Haotes  and  Basses  Alpes, 
and  also  to  Mount  Faron,  Toulon  (1881),  flsc.»  Calcutta. 

Rbt.  akd  Aqbig.  Dipt. 
Mojsnoyics,  E.  V.^  and  Nkum ayb,  M. — Beitrage  zar  Palaontologie  yon  Osterreich-Ungarn 

and  den  Angrenzenden  Gebieten,  Band  1,  heft.  3  (1881),  4to.,  Wien* 
Notizie  Statistiche  sulla  Industria  Mineraria   in  Italia  dal  1860  al  1880  (1881),  8yo.  pht., 

Roma. 

R.  COBPO  BBLLB  MtNIBBB. 

Obmb.  Tbmplb  AuatrsTUS. — An  Introduction  to  the  Boienoe  of  Heat  (1869)»  8vo^  London. 

Mb.  R.  Ltdbkkbb. 
PsLLATi,  N.— i^tudes  Bur  les  formation  s  ophiolitiques  de  V  Italic  (1881)«  8vo.  pht.,  Rome. 

Thb  Authob. 
Phillips,  John.— Life  on  the  Earth :  its  origin  and  succession  (186(9,  8yo.,  London. 

Mb.  Ltdbkkbb. 
QCBNSTBDT,  F.  A. — Petrefactenkunde  Deutschlands,  Band  YII,  Abth.I,  heft.  1,  Gastropoden 

heft  1,  (1881),  870..  Leipzig. 
Radclifpb,  C.  B.-^Dynamios  of  Nerve  and  Muscle  (1871),  8yo.,  London. 

Mb.  R.  Ltdbkkbb.  * 

BoscoB,   H.  E.,  AND  ScHOBLBMMBB,  C— A  Treatise  on  Chemistry,  Vol.  Ill,  pt  1  (1881), 

8vo.,  London. 
SoBDBLLi,  F. — Cenno  Preyenti?o  sul  glacimento  a  Filliti  (1881),  8?o.  pht.,  Milano. 

Thb  AutHoB. 
Spon'a  Encyclopedia  of  the  Industrial  Arts,  Manufactures  and  Oommercial  Products,  Divi- 
sion lY  (1881),  8vo.,  London. 
Stoppakt,  Antoikb. — Pal^ontolo<?ie  Lomharde,  Livr.  64—57  (1881),  4to.,  Milan. 

Tyndall,  John. — Sound,  2nd  edition  (1869),  8vo.,  London. 

Mb.  R.  Ltdbkkbb. 

Vabisco,  Pbof>  Db.  a. — Note  illustrative  della  Carta  Geologica  della  Provincia  di  Bergamo 

(1881),  8vo.  pht.,  Bergamo. 

Thb  Authob. 

Walkbb,  Ed. — Terrestrial  and  Cosmical  Magnetism  (1866),  8vo.,  Cambridge. 

Mb.  R.  Ltdbkkbb. 
Wabth,  H. — Notes  on  the  manufacture  of  Iron  and  the  future  of  the  Charcoal-Iron  Industry 
in  India  (1881),  flsc,  Calcutta. 

CONSBBYATOB  OP   FoBBSTS,  S.  C. 

ZnTBL,  Eabl,  a. — Handbuch  der  Palsontologie,   Band  I,  Abth  II,  lief  1  (1881),  8vo., 
Mtmchen. 

PERIODICALS,  SERIALS,  &o. 

American  Journal  of  Science,  3rd  Series,  Vol.  XXII,  Nos.  ISQ^-lSl  (1881),  8vo.,  New 

Haven. 

Thb  Editors. 

Annalen  der  Physik  nnd  Chemie,  New  Series,  Band  XIY,  heft  1—3  (1881),  8vo.,  Leipzig. 

Anoalea  des  Mines,  7th  Series,  Yol.  XIX,  Livr.  3  (1881),  8vo.,  Paris. 

Ck)MM.  DBS  MfnBS. 

« 

Aniudes  des  Sciences  G^logiqnes,  Tome  XI,  Nos.  3—6,  Yol.  XI,  No.  3,  Supple.  (1881), 
8vo.*  Paris. 
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Titles  of  Boohi,  Donon, 

Annales  des  Sciences  Naturelles,  6th  Series  ,  Zoologie  et  Pal^iitologie,  Yd.  XI,  Nob.  2—i, 

and  Botanique,  Vol.  XI,  Nos.  3-6  (1881),  8vo.,  Paris. 
Annals  and  Magazine  of  Natural  History,  5th  Series,  Vol.  VIII,  Nos.  46^—48  (1881),  Sto^ 

London. 
Athensenm,  Nos.  2811—2824  (1881),  4to.,  London. 

Beihlatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  V,  Nos.  9 — 11  (1881),  Bvo^  Leipzig. 
Bihlioth^ne  IJniverselle.   Archives  des  Sciences  Physiques  et  Naturelles,  3me  P^riode,  Vol, 

VI,  Nos.  /-"S  (1881),  8V0.,  Geneve. 

Bihlioth^ue  Universelle  et  Reyue  Suisse,  Sme   P^riode,  Vol.  XI,  Nos.  32—33  (1881),  SfO., 

Lausanne. 
BoUnisches  Centralhktt,  Band  VII,  Nos.  9—13,  and  VIII.,  Nos.  1—9  (1881),  8to.,  GasseL 
Chemical  News,  Vol.  XLIV,  Nos.  1137—1160  (1881),  4to.,  London. 
Colliery  Guardian,  Vol.  XLII,  Nos.  1080—1092  (1881)  fol.,  Loudon. 
Das  Ausland,  Jahrg.  LFV,  Nos.  36—49  (1881),  4to.,  Stuttgart. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  VIII,  Nos.  10—12  (1881),  8vo.,  Loudon. 
Iron,  Vol.  XVni,  Nos.  452—466  (1881),  fol.,  London. 
Joarnal  de  Conchy liologie,  3rd  Series,  Vol.  XXI,  No.  2  (1881),  8to.,  Paris. 
Journal  of  Science,  3rd  Series,  Vol.  Ill,  Nos.  94—96  (1881),  8vo.,  London. 
Just,  Db.  Lbof.— Botanischer  Jahresbericht. 

Jahrg.  VI,  Abth.  I,  heft.  2,  and  Abth.  II,  hefl.  2. 

Jahrg.  VII,  Abth.  I,  heft.  1,  and  Abth.  II,  heft.  1  (1881),  Svo.,  Berlin. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  5th  Series, 

Vol.  XII,  Nos.  76—77  (1881),  8vo.,  London. 
Mining  Journal  with  Supplement,  Vol.  LI,  Nos.  2402—2415  (1881),  fol.,  London. 
NatuwB  Noyitates,  Nos.  17—23,  (1881),  8vo.,  Berlin. 

Nature.    Vol.  XXIV,  Nos.  619—626,  and  XXV,  Nos.  627—632  (1881),  4to.,  London. 
Neues  Jahrbuch  fiir  Mineralogie,  Geologie  und  Pal»ontologie,  Jahrg.  1881.  Band.  II,  hefl.  3 

(1881),  8vo.,  Stuttgart. 
PalsBontographica.    Band  XXVIII,  lief.  2  (1881),  4to.,  Cassel. 
Petermann's  Geographische  Mittheilungeu.    Band.  XXVII,  Nos.  10 — 11  (1881),  4to.,6othft. 

„  .,  „  Supplement  No.  66  (1881),  4to.,  Gotha. 

Professional  Papers  on  Indian  Engineering.  2nd  Series,  Vol.  X.    Supplementary  No.  41  and 

No.  42,  (1881),  870.,  Eoorkee. 

Thomason  Collbob  of  Civil  EHOiirBKBiiiG. 
Quarterly  Journal  of  Microscopical  Science,  New  Series.  Vol,  XXI,  No.  84  (1881),  Sro^ 

London. 

GOVERNMENT  SELECTIONS,  Ac. 

Bombay. — Chambbbs.  F. — Brief  sketch  of  the  Meteorology  of  the  Bombay  Presidency  in 
1880  (1881);  8vo.,  Bombay. 

Mbtbobological  Rbpobtbb,  Wbstbbn  India. 
Cbntbal  Pbovikcbs. — MoBBis,  J.   H. — Report  on  the  Administration  of  the    Centa^l 
Provinces  for  the  year  1880-81  (1881),  8vo.,  Nagpur. 

ChIBF  CoHMIBSIONBB,  CbNTBAL  PbOVI5CB8. 

India. — Bbandis,  D.— Suggestions  regai-ding  the  management  of  the  leased  foiests  of 
BoB&hir  in  the  SuUej  Valley  of  the  Punjab  (1881),  flsc.,  Simla. 

UoicB  Dbfabtkxvt. 
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Titles  ofBooii,  Donors, 

IvDiA. — ^Indian  Meteorological  Memoirs,  Vol.  I,  pt.  6  (1881),  4to.,  Calcutta. 

Mbtbobolooical  Rbfobtbb  to  Govt,  of  India. 
„  Beport  on  the  Administration  of  the  Meteorological  Department  of  the  Qnyem- 

ment  of  India  in  1880-81  (1881),  4to.,  Calcutta. 

Mbtbobological  Kbpobtbb  to  Gott.  of  India. 
»,  Begisters  of  Original  Observations  in   1880,   reduced  and    corrected,  November 

1880  to  February  1881,  (1881),  4to.,  Calcutta. 

Mbtbobological  Rbfobtbb  to  Govt,  of  India. 
„  Beport  on  the  Administration  of  the  Inland  Customs  Department  for  1876-77  to 

1880-81  with  Appendices  (1877  to  1881)  flsc.,  Allahabad  and  Agra. 

COMICISSIONBB  OF^InLAND  CUSTOMS. 

„  Selections  from  the  Records  of  the  Government  of  India,   Foreign  Department, 

No.  CLXXYII.     Beport  on  the  Political  Administration  of  the  Territories 
within  the  Central  India  Agency  for  1879-80  (1881),  8vo.,  Calcutta. 

FOBBION  DbPABTHBNT. 

„         Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department, 

No.  CLXXXI.    Report  on  the  Administration  of  the  Persian   Gulf  Political 

Residency,  and  Muscat  Political  Agency,  for  1880-81,  by  Lieutenant-Colonel 

E.  C.  Ross  (1881),  8vo.,  Calcutta. 

Fobeion  Dbfabtmbnt. 

TRANSACTIONS,  PROCEEDINGS,  Ac,  OP  SOCIETIES,  SURVEYS,  Ac. 

Albany.— Annual  Reports  on  the  New  York  State  Museum  of  Natural  History  by  the 
Regents  of  the  Univereity  of  the  State  of  New  York,  Nos.  XXI  and  XXVII 
to  XXXI  (1871—1879).  8vo.,  Albany. 

Thb  Musbum. 

Amstebdam. — Jaarboek  van  het  Mijnwczen  in  Nederlandsch  Oost-Indie,  Deel  I  (1881),  8vo.^ 

Amsterdam. 

Nbthbblands  Colonial  Dbfabticbnt, 

Batavia,— Notulen  van  het  Bataviaash  Genootschap  van  kunstenen  Wetenschappen.  Deel 
XVIII,  Nos.  1—4  and  XIX,  Nos.  1—2  (1880-81),  8vo.,  Batavia. 

Thb  Sogibtt. 
Tijdschrift  voor  indische  Taal-Land-en  Volkenkunde.  Deel  XXVI,  Afl.  2—6, 
and  XXVII,  Afl.  1  (1880-81),  8vo.,  Batavia. 

Thb  Sogibtt. 

„  Verhandelingen  van  het  Bataviaasch  Grenootschap  van  kunsten  en  Wetenschappen. 

Deel  XLI.  Stuk.  2  (1880),  8vo.,  Batavia. 

Thb  Sogibtt. 

Bbbuk.— Monatsbericht  der  Eonig.  Preuss.  Akademie  der  Wissenschaften,  May  to  October, 
(1881),  8vo.,  Berlin. 

Thb  Acadbmt. 

Zeitschrift  der  Dentschen  Geologischen  Gesellschaft.  Band  XXXIII,  No.  2  (1881), 

Svo^  Berlin. 

Thb  Sogibtt. 

BoLooNA.— Accademia  delle  Scienze  dello  Istituto  di  Bologna  dalla  sua  Origins  a  tntto  il 

1880,  (1881),  8vo.  pht.,  Bologna. 

Thb  Acadbmt. 
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Titlei  of  Bookt.  Jhnon. 

BoLOOKi..— Memorie  della  Accademia  delle  Scienze  dell'  Istituto  di  Bologna,  3rd  Serio, 

Vol.  X   (1879) ;    4tli  Series,  Vol.   I  (1880) ;   and  Indici  Generali  del  died 

tomi    della   terza    serie  delle   Memorie  pubblicati    negli    anui    1871 — 1879. 

(1879-80),  4to,  Bologua. 

Thb  ACIDSKT. 

BoMBAT. — Journal  of  the  Bombay  Brancb  of  the  Bojal  Asiatic  Society,  Yol.  XY,  No.  39, 

and  title  page  to  Yol.  XIY  (1881),  8vo.,  Bombay. 

The  Sociitt. 

Boston.— Anniversary  Memoirs  of  the  Boston   Society  of  Nataral    History,  published  is 

celebration  of  the  50th  Anniversaiy   of  the  Society's  foundation,    1830—1880 

(1880),  4to,  Boston. 

Thb  Sociitt. 

„        Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  New  Series.  Yol.  Yin, 

pts.  1-2  (1881),  8vo.,  Boston. 

Thb  Acadsvt. 

Bbussbls.  -Bulletin  de  la  Soci^t^  Beige  de  Geographic,  1880,  Nos.  3,  6  and  6 ;  1881, 

Nob.  1,  2  and  4  (1880-81),  8vo.,  Bruzelles. 

Thb  Socibtt. 

„  Deltauz,  E. — Notice  ExpUcati?e  du  Lev^  G^ologique  dela  Pknchette  de  Benaix 

(1881),  8vo.,  Bruxelles. 

Geological  Subtet,  Bbloium. 

„        Ebtbobn,   0«  van.— Texte  Explicatif  du  Lev^   G^ologique  de  la   Plancbette 

D'Uerenthals,  de  Lille,  et  de  Casterl^  (1881),  8vo.,  Bruxelles. 

Gbological  Subtby,  BBLQirx. 

BuDAFBST.— Mittheilungen  aus  dem  Jahrbuche  der  £on.  Ungarischen  Geologischen  Anstali. 

Band  lY,  heft,  4  (1881),  8vo.,  Budapest. 

Gbolooical  Institutb,  EuBeiBT. 

Buffalo.— Bulletin  of  the  Buffalo  Society  of  Natural  Sciences.    Yol.  Ill,  No.  5  (1877), 

8vo.,  Buffalo. 

Thb  Socibtt. 

Calcutta.— Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Yol.  L,  part  I,  Nos.  34; 

Fart  II,  Nos.  3  and  4  (1881),  8yo.,  Calcutta. 

Thb  Socibtt. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  Yol.  YIII  (1881),  8vo.,  Calcotta. 

Thb  Socibtt. 

„  Manual  of  the  Geology   of  India,   Part  III.   Economic  Geology,  by  Y.  fisU 

(1881),  8vo.,  Calcutta. 

Gbological  Subybt  or  India. 

„  Memoirs  of  the  Geological  Surrey  of  India,  Yol.  XYIII,  part  2  (1881),  8to., 

Calcutta. 

Geological  Subtbt  of  India. 

PalsBontologia  Indica.    Series  XII,  Yol.  Ill,  No.  3,  and  Series  XlII,  Yd.  I« 
No.  3  (1881),  4to.,  Calcutta. 

Geological  Subtet  of  Ihdia. 
Becords  of  the  Geological  Survey  of  India,  Yol.  XIY,  part  4  (1881),  8fO., 
Calcutta. 

Geological  Subyet  of  India. 
Reports  of  the  Archnological  Survey  of  India,  Yol.  XII  (1881),  8vo.,  Calcutta. 

HosiB  Dbfabtment. 


t» 


ft 


ff 


PAET  1 .]  Jddiiioni  to  tie  Library.  83 

Titles  qfBooki,  Donort. 

CiUBBiDOB,  Ma88.— Memoirs  of  the  Mnseum  of  ComparatiTe  Zoology,  Yol.  VIII,  No.  1, 
(1881),  4to.,  Cambridge,  Mass. 

Thb  MnsxuM  07  Cokp.  Zooloot. 
Cliptok. — Catalogue  of  the  Books  in  the  Library  of  the  Bristol  Naturalists'  Society,  May 
1881  (1881),  8vo.,  Clifton. 

Thb  Socixtt. 
CoFXNHAGBK. — M^moires   de   L'Acad^mie  Boyale    de    Copenhagne,  6th  Series,  VoL  I 

Nos.  3  and  4,  and  II,  Nos.  1-2  (1981)>  4to.,  Copenhague. 

Thb  AojLDBmr. 

CoFBKHAOXN.    Oversigt  oyer  det  Kong,  danske  Yidenakabemes  Selskabs,  No.  2  (1881), 

8to.,  Copenhagen. 

Thb  Acadbmt. 

DsHBi.  DuK. — Synopsis  of  the  Besnlts  of  the  Operations  of  the  Great  Trigonometrical  Sur- 
vey of  India,  Yols.  X  to  XIII  (1880),  4to.,  Dehra  Dun. 

Thb  Subvbt. 
Dbxsdbh. — Sitzungsberichte  nnd  Abhandlnngen  der  Naturwissenschaftlichen  Gksellschaft 
Isis  in  Dresden,  Jahrg.  1881,  Januar  bis  Juni  (1881),  8vo.,  Dresden. 

Thb  Socibtt. 

GoiTiBOXK. — ^Nachrichten  von  der  K.  Gesellschaft  der  Wissenschaften  and  der  Georg- 
Augusts-Universitat  zu  Gottingen  (1880),  8vo.,  Gottingen. 

Thb  Socibtt. 
HiLLB. — ^Leopoldina  Amtliches  Organ  der  K.  Leop.  Carol.  Deutschen  Akad.  der  Natur- 
forscher.  Heft  XYI  (1880)  4to.,  Halle. 

Thb  Acadbmt. 
HiLLB. — ^Yerhandlnngen  der  Kais.  Leop.  Carol.  Deutschen  Akademie  der  Naturforscher, 
Yol.  XU,  pts.  1  and  2  (1879-80),  4to.,  Halle. 

Thb  AcADBiiT. 
Lisbon. — Boletim  da  Sociedade  de  Geographia  de  Lisboa,  2nd  Series,  No.  6  (1881),  8vo., 
Lisboa. 

Thb  Socibtt. 
LiTBBPooL. — Proceedings  of  the  Liverpool  Geological  Society,  Yol.  lY,  part  3  (1881),  8?o., 
Liverpool. 

Thb  Socibtt. 
LosDOK.— Journal  of  the  Linnean  Society,  Yol.  XY,  Zoology,  Nos.  84—86,  and  XYIII. 
Botany,  Nos  108—113,  (1880),  8vo.,  London. 

Thb  Socibtt. 
„  List  of  Fellows  of  the  Linnean  Society,  January  1881,  (1881),  8vo,  London. 

Thb  Socibtt. 
„         Transactions  of  the  Linnean  Society,  2nd  Series,  Zoology,  Yol.  II,  pt.  2  (1881), 
4to,  London. 

Thb  Society. 

„  Journal  of  the  Boyal  Asiatic  Society  of  Great  Britain  and  Ireland,  New  Series, 

Yol.  XIII,  pt.  4  (1881),  8vo,  London. 

The  Sociktt. 
Journal  of  the  Society  of  Arts,  Yol.  XXIX,  Nos.  1602-1613,  and  XXX,  Nos. 
1614—1616  (1881),  8yo,  London. 

Thb  Socibtt. 
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Titles  of  Boohs,  Donors. 

LoNDOJ9. — PhiloBOphical  Transactions  of  the  Royal  Society  of  London,  Vol.  171,  pts.  2  and 
3 ;  Vol.  172,  pt.  1.  and  List  of  Fellows  for  1880  (1880-81),  4to,  London. 

The  Socibit. 
Proceedings  of  the  Boyal  Society,  Vol.  XXXII,  Nos.  213-'-214  (1881),  Sto. 
London. 

Thb  Societt. 
Proceedings  of  the  Boyal  Geographical  Society,  New  Series,   Vol.  Ill,  Nos.  9 
and  10  (1881),  8vo,  London. 

The  Socistt. 
Proceedings  of  the  Zoological  Society  of  London  for  1881,   Parts  11  and  III 
(1881),  8vo,  London. 

The  Societt. 

Quarterly  Journal  of  the  Geological  Society,   Vol.  XXXYII,  P&,rt  3,  No.  147 
(1881),  8vo,  London. 

The  Soctbtt. 
„  Reports  of  the  British  Association  for  the  Advancement  of  Science  for  1878 

to  1880  (1879  and  1880),  870,  London. 
Ltok.— Mus6um  des  Sciences  Naturelles  de  Lyon.  Rapport  sur  les  travaux  ez^cut^s  pendant 
r  ann^e  1880,  par  M.  le  Dr.  Lortet  (1881),  8yo,  Lyon. 

The  Musxrv. 
Madbtd.— Boletin  de  la  Sociedad  Geografica  de  Madrid,  Toma  XI,  Nos.  2 — 4  (1881),  8vo, 

Madrid. 

The  Societt. 

Manchestbb. — Transactions  of  the  Manchester  Geological  Society,  Vol.  XYI,  Birts  9-10 

(1881),  8yo,  Manchester. 

The  Societt. 
Melbourne. — Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  30th  Jane 

1881  (1881),  flsc,  Melhoume. 

Mining  Deft.,  Victoeu. 
MiLJLN. — Atti  della  Societa  Itaiiana  di  Scienze  Naturali,  Vol.  XXU,  fasc  3 — 4,  and  XXIII, 
fasc.  1—2  (1880),  8vo,  Milano. 

The  Societt. 
Munich. — Ahhandlungen  der  Math.  Phys.  Classe  der  Eoniglich  Bsyerischen   Akademie 
der  Wissenschaften,  Band  XIV  Abth.  1  (1881),  4to,  Munchen. 

The  AcADBicT. 
Meteorologische  nnd  Magnetische  Beobachtungen  der  E.  Stemwarte  bei  Munchen. 
Jahrg.  1880  (1881),  8to,  Munchen. 

The  AcArEMT. 
Sitznngsberichte  der  Mathematisch-Physikalischen   Classe  der  K.  B.  Akademie 
der  Wissenschaften,  Heft.  1  to  III  (1881),  8vo,  Miinchen. 

The  Acadeht. 

New  Tobe. — Proceedings  oijthe  American  Meteorological  Society,  Vols,  I — II  (1880),  8to, 

New  York. 

The  Societt. 

PABis.^Soci^t^  Zoologiqne  de  Fi-ance.     De  la  Nomenclature  des  dtres'Organis^s  (1881),  Sto, 

Paris. 

The  Societt. 
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TitUt  qfBoohM.  Donon. 

PHiiADBLFHiA«—Jotiniftl  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  2od  Series. 

Vol.  Vni,  pt.  4  (1874r-81),  4to,  Philadelphia. 

Thb  Acadbmt. 
ProoeedingB  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  Parts 
I— lU  (1880),  8vo,  Philadelphia. 

Thb  AoADBicT. 
Journal  of  the  Franklin  Institute,  8rd  Series,  Yol.  LXXXII,  Nos.  3 — ^5 
(1881),  8vo,  Philadelphia. 

Thb  iKSTiTaTB. 
Proceedings  of  the  American  Philosophical  Society,  Yol.  XIX,  Nos.  107 
and  108  (1880-81),  8to,  Philadelphia. 

Thb  Sooibtt. 
„  Transactions  of  the  American  Philosophical  Society,  New  Series,  Yol.  XY, 

pt  3  (1881),  4to,  Philadelphia. 

Thb  Socibtt. 
BoMB.^Atti  della  B.  Accademia  dei  Lincei,  Series  III,  Transunti,  Yol.  YI,  fasc.  1  (1881), 
4to,  Roma. 

Thb  AcADBirr. 
Saint  PBTBBSBlTBa. — ^M^moires  de  L'Acad^mie  Imperials  des  Sciences  de  St.  Pdtershourg, 

7th  Series,  Yol.  XXYUI,  Nos.  3—7  (1880^1),  4to,  St  Petemhourg. ' 

Thb  AcADBiiT. 
Salbm  MABS.—Bulletin  of  the  Essex  Institute,  Yol.  XIII,  Nos.  1—9  (1881),  8vo,  Salem. 

Thb  Ibstitutb. 
Yisitors'  Guide  to  Salem  (1880),  8yo,  Salem. 

Thb  Essbx  Ikbtitutb. 
Stockhoiv.— Bihang  till  Eongl.  Syenska  Yetenskaps-Akademiens    Handlingar.  Bandet 

Iir— Y  (1877-80),  8?o,  Stockholm. 

Thb  Acadbmt. 
Kongliga  Svenska  Yetenskaps-Akademiens  Handlingar.  Bandet  XIY,  2,  and 
XY— XYII  (1877—81),  4to,  Stockholm. 

Thb  Acadbmt. 
Lefnadsteckningar  Ofrer  Eongl.   Syenska  Yetenskaps  Akademiens,  Band  II, 
hafbe  1.  (1878),  8yo,  Stockholm. 

Thb  AciDBiiT. 
„  MeteoTologiska  lakttagelser    Syerige  utgifua  af  E!ongL  Syenska  Veten»kaps- 

Akademien,  2nd  Series,  Yols.  Ill— Y.  (1876—77),  4to.,  Stockholm. 

Thb  Acadbmt. 
„  Gfyersigt  af  Eongl.  Yetenskaps  Akademiens  Forhandlingar,  Yols.  XXXIY  to 

XXXYn.  (1877—80),  8vo.,  Stockholm. 

Thb  Acadbmt. 
„  Bveriges  Geologiska    Undersokning.  Eartblad  med  beskrifningar.  Ser.  A.  a. 

I  Skalan  1 :  60,000.  Nos.  73  to  79,  with  Maps.  (1880-81),  8yo.,  Stockholm. 

Gbolooical  Subtbt,  Swbdbx. 
„         Syeriges  Geologiska  Undersokning  Eartblad  med    beskrifningar.  Ser.  A.  b. 
I  Skalan  1 :  200,000,  No.  6,  with  Map  (1880),  Syo.,  Stockhohn. 

Gbolooical  Subybt,  Swbdbb. 
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Titles  of  Books.  D<mart, 

Stockholm. — Sveriges  Geologiska  Undenokning.  Ser.  C.  Afhandlingtr  ooh  npptatier 
Nob.  36  to  44.  (1879-80),  870.,  and  4to.,  Stockhobxu 

GjBOLOGICAL    SuBYBT,   SlTBOBV. 

Vienna. — Oeiiterreichischer  Ingenienr-und  Architekiea-Verein  II.  Bericbt  des  Hydrotech- 
nischen  Comity's  iiber  die  Wasserabnahme  in  den  Quellen,  Fliisaen  nndStro- 
men  in  den  Cultnrstauten.  (1881),  8vo.,  Wien. 

AuBTBiAN  Association  ov  EKOiirBSBB  and  ABCHiTBcn. 
,,  Verhandlungen  der  K.  E.  Geologischen  Beichsanstalt,  1881,  Nos.  13  and  14  (1881), 

8vo.,  Wien. 

Teb  iNsnnm 
WjLBHiNGTON. — ^Annual  Report  of  the  Commissioiier  of  Agiicoltnie  for  1878  and  1879. 
(1879-80),  8vo.,  Washington. 

COMM B.  OF  AGBICULTUBB,  WABHIVeTOV. 

.,  Bulletin  of  the  XT.  S.  €reologioal  and  Geographical  Snr?ey  of  the  Teiritories,  Vol 

VI,  No.  2,  (1881),  8vo.,  Washington. 

The  Bubtxt. 
„  ICiNo,  Clabbncb. — First  Annual  Beport  of  the  U.  S.  Geological  SorTcy  to  the 

Hon.  Carl  Schurz,  Secy,  to  the  Interior  (1880),  8vo.,  Washington. 

Thx  Subtbt. 
Yokohama. — Transactions  of  the  Asiatic  Society  of  Japan,  Vol.  IX,  pt.  2.  (1881),  8to^ 
Yokohama. 

Thb  SociiTT. 
ZuBiCH.— Nenjahrsblatt  herausge^eben  von  der  Natnrforschenden  Gesellschaft   auf  dai 
Jahr  1880—81.  Nos.  LXXXII  and  LXXXIII  (1879  and  1880)  4to.,  Ziirioh. 

Thb  SociiTT. 
„  Vierteljabrsscbrift  der  Natorforscbenden  Gesellschaft  in  Ziiiich,  Jahrg.  XXIV 

heft  1.4,  and  XKV  heft  1^  (1879  and  1880)  8yo.,  Ziirich. 

ThbSocibtt. 

Maps. 

Capbllini,  Pbof.  G. — Carta  G^ologica  dei  dintomi  del  GoHo  di  Spezia  e  val  di  Msgii 
Inferiore,  2nd  Edition,  Scala  di  1  a  50,000  (1881)  Map,  Roma. 

Thb  Authob. 
„  Carta  Geologica  della  ProviDcia  di  Bologna,  Scala  di  1:   100,000  (1881)  map 

Roma. 

Thb  Avthob. 
Carta  Geologica  D*  Italia,  Scala  di  1  decim  per  Grado  (1881)  map,  Roma. 

Pbof.  G.  Capillivi. 
Map  of  the  Malay  Peninsula,  published  by  the  Straits  Branch  of  the  Royal  Asiatic  Society. 

In  six  sheets. 

Thb  Socibtt. 

January  16th,  1882. 
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General  sketch  of  the  Geology  of  the  Travancore  State  ^^By  W.  King,  D.8c., 
Deputy  Superintendent  (Madras)^  Geological  8v/rvey  of  India} 

"Mj  last  season's  work  (1880-81)  was  devoted  to  a  general  examination  of  the 
geology  of  the  southern  half  of  Travancore,  and  to  a  particular  study  of  a  small 
area  of  deposits  which  have  been  long  known  as  occurring  on  the  sea-coast,  on 
the  history  of  which  I  have  written  a  separate  paper  (infra). 

The  development  of  the  gold  industry  of  Southepi  India  having  raised  hopes 
of  a  similar  auriferousness  of  the  mountainous  and  coffee-planting  districts  in 
Travancore  to  that  in  Waindd,  1  was,  at  the  very  urgent  request  of  the  Travan- 
core Government,  induced  to  devote  a  considerable  portion  of  my  time  to  the 
examination  of  the  region  supposed  to  present  the  most  favourable  indications  of 
gold-bearing  rocks.  The  result  of  this  was  a  report  on  the  quartz  outcrops  of 
Parmand,  in  which  I  showed  that  the  su^^sed  reefs  are  to  all  appearance  beds 
of  nearly  pure  quartz-rock  occurring  with  the  other  strata  of  the  gneiss  series, 
and  that,  though  they  locally  give  the  very  faintest  traces  of  gold,  there  is  no 
reason  to  expect  that  better  results  will  be  obtained.  Practically,  there  are  no 
auriferous  quartz-reefs,  as  usually  understood,  in  the  area  pointed  out ;  neither 
do  I  expect  that  such  will  be  found  of  any  extent  or  richness  in  so  much  of 
Travancore  as  I  was  able  to  visit. 

The  geological  examination  of  the  country  may  be  said  to  have  extended  over 
more  than  half  of  the  territory — in  reality,  it  consisted  of  various  traverses  over 
the  country  between  Gape  Comorin  and  the  9°  35'  parallel  of  north  latitude ;  but 
I  can  generalize  as  to  the  lie  and  character  of  the  very  few  rock  formations  over 
the  country  far  to  the  northward,  through  visits  which  1  had  made  in  previous 
years  in  the  Ooimbatore  and  Malabar  districts,  and  this  season  at  Cochin,  to 
which  -place  I  was  called  in  connection  with  a  commission  of  enquiry  on  the 
barbours,  conducted  by  Colonel  B.  H.  Sankey,  C.B.,  in  the  hopes  of  being*  able  to 
elucidate  something  regarding  the  well-known  tracts  of  smooth-water  off  the  coast 
at  Narrakal  and  Poracaud. 

'  See  map  attached  to  the  following  paper  on  the  WarkilU  bedf . 
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The  Travancore  State,  though  it  has  long  had  a  yery  irregular  eastern  fron- 
tier,  has  now  been  settled  as  lying  practicallj  to  the  westward  of  the  main  water, 
shed  of  the  southern  portion  of  the  great  mountainous  back-bone  or  mid-rib  of 
Southern  India,  whith  stretches  from  the  low-ljing  gap  of  Palghat,  below  the 
Nilgiris,  to  within  some  15  miles  of  Cape  Gomorin.  Between  this  southern 
extremity  of  the  mountain  land  and  **  The  Cape,"  as  it  is  distinctively  called, 
there  is  an  outlying  hill  mass  which  carries  the  water-shed  rather  to  the  eastward 
of  the  extreme  southern  point  of  India ;  but  a  low  rocky  spur  does  terminate  the 
and,  and  outside  of  it,  or  a  little  to  the  eastward  again  and  somewhat  higher, 
are  two  rocky  islets. 

In  the  northern  part  of  the  country  the  mountain  mass  is  very  broad,  but 
just  south  of  the  Parmand  parallel  (the  northern  limit  of  my  proper  work),  the 
hilly  back-bone  narrows  considerably,  and  becomes  a  lengthened  series  of  moro  or 
less  parallel  ridges  with  lower  and  lower  intermediate  yalleys.  These  are  striking 
with  the  gneiss,  or  about  west-north-west  and  east- south-east,  there  being  at  the 
same  time  a  line  of  higher  masses  and  peaks  culminating  the  main  ridge,  from 
which  the  ribs  run  away,  as  indicated,  to  the  low  country. 

The  mountain  land  does  not^  as  may  be  seen  by  any  good  map,  ran  down  the 
middle  of  the  peninsula,  but  keeps  to  the  westward ;  so  that  there  is  a  broad 
stretch  of  low  country  on  the  Madura  and  Tinnevelly  side,  while  that  of  Travan- 
core is  narrow.  Then  the  mountains  drop  rather  suddenly  to  the  east ;  while  thejr 
send  long  spurs  down  to  within  a  comparatively  short  distance  of  the  western 
coast.  There  is  thus  still,  in  Madura  and  Tinnevelly,  a  southerly  prolongation 
of  the  wide  plains  of  the  Oarnatic,  which  stretch  round  by  Cape  Comorin  and  join 
the  narrower,  though  rather  more  elevated,  low  country  of  Travancore,  Cochio> 
and  Malabar. 

This  narrower  and  somewhat  higher  land  of  the  west  coast  presents  also  un- 
mistakable traces  of  a  plateau  or  terraced  character,  which  is  best  displayed  about 
Trivandrum  and  northwards  past  Cochin  into  the  Malabar  country.  South  of 
Trivandrum  these  marks  gradually  disappear,  the  last  trace  being  in  the  flat  up- 
and  or  plateau  bordering  the  sea-shore  at  Kolachel.  This  more  or  less  even 
surfaced  tract  of  country  has  an  elevation  in  its  most  typical  parts  of  150  to  200 
feet  above  the  sea ;  and  it  touches  the  shore  in  cliffs  or  headlands  at  two  or 
three  points,  particularly  at  Warkilli,  and  in  the  Paupanchery  hill  south-west  of 
Trivandrum. 

To  an  observer  travelling  to  Trivandrum  across  the  Ariankow  pass  from 
Tinnevelly,  the  change  from  the  parallel  ridges  and  broken  form  of  the  lower 
hilly  country  to  the  comparatively  smooth  downs  of  Trivandrum  is  striking; 
though  he  would  hardly  see  the  generally  terraced  or  plateau  character  until  a 
more  extended  acquaintance  had  been  made  with  the  country. 

Northwards  from  Trivandrum,  there  are  narrow  strips  of  absolutely  low 
land,  that  is  on  the  sea-level,  marked  by  sandy  and  alluvial  flats  and  long  back- 
waters or  lagoons.  These  widen  out  northwards  from  Quilon,  until  at  Allepy 
(Aulapolay)  there  is  a  width  of  about  12  milos  of  such  formations,  with  the 
very  extensive  back-water  which  stretches  far  past  Cochin. 
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The  rock  formations  are:  first,  and  most  prevalent  and  foundational,  the 
gneiss  series ;  and  then  on  it»  but  only  in  a  very  small  way,  the  Qui  Ion  hedst 
which  are  supposed  to  be  of  eocene  age.  These  last  are  overlapped  by  the 
WarhilU  beds^  which  certainly  appear  to  belong  to  a  different  series,  and  are 
thus  perhaps  of  upper  tertiary  age ;  they  appear  also  to  be  equivalent  to  the 
Cuddalore  sandstones  of  the  Coromandel.     Finally,  there  are  the  recent  deposits. 

The  gneisses  are  generally  of  the  massive  grey  section  of  the  series,  that  is». 
they  are  nearest  to  the  rocks  of  the  Nilgiris,  though  they  differ  from  them  in 
being  coarser-grained  or  more  largely  crystallized,  and  in  being  generally 
qnartEOse  rocks. 

So  quartaose  are  they,  that  there  are,  locally,  frequent  thin  beds  of  nearly 
pure  quarts-rock  which  are  at  times  very  like  ree&  of  vein-quartz.  Often 
these  beds  are  strongly  felspathic,  the  felspar  occurring  among  the  quartz  in 
distinguishable  grains,  or  larger  crystalline  masses,  giving  the  rock  rather  a 
granitic  appearance.  The  only  other  region  where  I  know  of  somewhat  similar 
heds  of  quartz-rock  occurring  with  other  gneisses,  is  in  the  schistose  region 
of  the  Nellore  district.  There,  however,  the  quartz-rock  becomes  often  a  fine, 
oompact  quartzite ;  here,  in  Travancore,  there  are  no  approaches  to  such  compact 
forms. 

The  common  gneisses  are  felspathic-quartzose  varieties  of  white  or  grey 
colours,  very  largely  charged  with  garnets.  A  particular  form  of  them  is  an 
exceedingly  tough,  but  largely  crystallized,  dark-grey  or  gpi^eenish  felspathic  rock. 

Massive  homblendic  gneisses  are  not  common.  Indeed,  hornblende  nwy  be 
said  to  be  a  comparatively  rare  constituent  of  the  Travancore  gneisses. 

All  the  gneisses  are  more  or  less  charged  with  titaniferous  iron  in  minute 
grains;  they  are  likewise,  only  more  visibly,  as  a  rule,  highly  gametiferons. 
In  fact,  one  might  say  that  Travancore  is  essentially  a  country  of  gametiferons 
gneisses.  The  garnets  themselves  are  only  locally  obtainable,  it  being  impos- 
sible to  break  them  from  the  living  rock,  while  they  are  generally  decomposed 
or  weathered.  They  are  generally  of  small  size,  but  are  very  rich  in  colour,  the 
precious  garnet  being  very  common.  Other  minerals,  such  as  red,  blue,  and 
yellow  sapphire  and  jacinth,  are  found  among  the  garnet  sands  so  common 'on 
the  sea-shore  at  certain  places.  The  sea  sands  are  also  full  of  titaniferous  iron 
grains..  While  on  this  subject,  I  may  instance  the  beautiful  and  long  known 
constitution  of  the  shore  sands  at  Cape  Comorin,  where,  on  the  beach,  may  be 
seen  the  strongest  coloured  streaks  or  ribbons,  of  good  width,  of  bright  scarlet, 
black,  purple,  yellow,  and  white  sands  of  all  these  minerals  and  the  ordinary 
silica. 

As  will  be  seen  further  on,  an  enormous  quantity  of  ferruginous  matter  is 
collected  among  certoin  forms  of  weathered  gneiss  and  other  rocks,  the  source 
of  which  is  hardly  accounted  for  in  the  apparent  sparse  distribution  of  iron  in 
the  gneisses.  After  all,  however,  an  immense  supply  of  ferruginous  matter  must 
result  from  the  weathering  of  the  garnets,  when  we  consider  that  they  are  so 
generally  prevalent  in  all  the  gneisses,  and  crowdcdly  so  in  very  many  of  them. 

The  general  lie  of  the  gneisses  is  in  two  or  three  parallel  folds  striking  west- 
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norih-'weBt  to  eaat-souili-east.  There  is,  perhaps,  raider  a  tendency  of  the  strike 
more  to  the  northward  in  the  broad  part  of  the  hills,  aboat  Parmand,  and  on 
towards  the  Cochin  territory.  Thus,  between  Trivandram  and  TinneyeUy  on 
the  west  coast,  or  for  some  12  to  20  miles  inland,  the  dip  is  high  to  the  south- 
south-west ;  inland  of  the  terraced  or  plateau  country,  or  among  the  first  paraQd 
ridges,  there  is  a  north-north-east  dip ;  then,  on  the  mountain  zone,  there  is  again 
a  high  dip  generally  to  the  south-south-west.  Thus  the  inclination  of  the  beds  is 
generally  high,  right  across  the  strike  with  a  crushed-up  condition  of  the  folds ; 
but  they  are  often  at  a  low  angle,  and  the  anticlinal  on  the  western,  or  the 
synclinal  on  the  eastern  side,  are  plainly  distinguishable.  About  KurtaUam 
(Courtallum),  on  the  TinneyeUy  side,  the  rise  up  from  the  synclinal  is  yery  well 
displayed,  and  in  their  strike  wesi-north-westward  into  the  broad  mountain 
land,  the  beds  of  this  place  clearly  take  part  in  a  further  great  anticlinal  which  is 
displayed  in  a  great  flat  arch  of  the  Parmand  strata.  With  this  widening  out  of 
the  mountain  mass,  there  is  rather  an  easier  lie  of  the  strata. 

Southwards  from  the  Ariankow  trayerse  just  detailed,  there  is  much  crushing 
np  of  the  beds ;  but  they  roll  out  flatter  again  towards  the  southern  extremitj, 
and  there  are  good  indications  of  a  further  synclinal  to  the  south-south-westi  in 
the  northerly  low  dipping  beds  of  Cape  Comorin. 

Foliation  is  yery  strongly  deyeloped :  indeed  it  is  here,  practically,  bedding 
and  lamination,  of  which  there  are  some  wonderful  exhibitions.  At  Ci^  Comorin, 
indeed,  some  of  the  gneiss  in  its  weathered  condition  (not  lateritized)  is  scarcely 
to  be  distinguished,  at  first,  from  good  thick-bedded  and  laminated  sandstones 
and  flaggy  sandstones^ 

There  is  no  special  deyelopment  of  igneous  rocks  either  in  the  way  of  gra- 
nites or  greenstones,  though  small  yeins  and  dykes  are  common,  generally  ron- 
ning  nearly  with  the  strike  of  the  gneiss.  In  southern  Trayanoore,  or  north  of 
the  parallel  of  Triyandrum,  there  are  stronger  occurrences  of  granite,  in  which 
the  mica  is  abundant  and  in  largish  masses. 

The  great  feature  about  the  gneisses  in  Trayancore,  and  indeed  also  in 
Cochin  and  Malabar,  is  their  extraordinary  tendency  to  weather  or  decompose 
generally  into  white,  yellow,  or  reddish  felspathic  clayey  rocks,  which,  in  many 
places  and  often  yery  extensiyely,  ultimately  become  what  is  h^e  always  called 
la^erite.  The  eyidences  of  this  are,  after  all,  only  well  seen  in  the  field ;  but  it 
may  be  stated  here  that  these  are  seen  principally  in*  the  constituent  minerals, 
mainly  the  quartz,  being  still  identifiable  in  much  of  the  rock — ^in  the  lamina- 
tion or  foliation  being  also  traceable — in  the  gradual  change  from  the  massive 
liying-rock  to  the  soft  and  finally  hard,  scabrous,  and  yermicular  fermginons 
clayey  resultant  called  laterite — and  in  the  thin,  pale,  and  poorly  ferruginous  form 
exhibited  by  the  weathering  and  alteration  of  the  more  felspathic  and  quarUose 
gneisses. 

This  altered  form  of  the  weathered  gneiss  occurs  over  a  definite  area  which 
I  have  laid  down  approximately  in  the  map.  At  the  same,  time,  the  change  from 
unweathered  gneiss  to  this  belt  is  not  sharp  ;  for  long  before  the  eastern  limit  of 
the  more  generally  lateritized  belt  is  reached,  approaching  it  from  the  mountain 
zone,  the  great  change  has  begun. 
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Very  soon  after  one  begins  to  leave  the  higher  ribs  of  the  mountains,  and  to 
enter  on  the  first  long  slopes  leading  down  to  the  low  conntry,  the  gneiss  begins 
to  be  weathered  for  some  depth  into  a  clayey  rock  generally  of  paJe  colours, 
streaked  and  veined  with  ferruginous  matter,  and  having  always  an  appreciable 
upper  surface  of  scabrous  or  pisolitic  brown-iron  clay,  which  is,  of  course,  prob- 
ably largely  the  result  of  ferruginous  wash  and,  less  so^  of  ferruginous  infiltra- 
tion. Also,  the  ferruginous  and  lateritoid  charactev  is  developed  to  a  certain 
extent  according  to  the  composition  of  the  gneisses  ;  but,  on  the  whole,  there  is 
no  doubt  that  the  upper  surface  generally  over  large  areas  is  lateritized  to  a 
certain  depth,  irrespective  of  the  varying  constitution  of  the  strata. 

Then,  as  the  rocks  are  followed,  or  crossed^  westward,  the  alteration  becomes 
more  frequent^  decided,  and  deeper  seated  ;  though  still,  all  over  the  field,  ridges, 
linmps,  and  bosses  of  the  living  rock.rise  up  from  the  surrounding  more  or  less 
decomposed  low-lying  rock  areas. 

This  generally  irregular  and  fitfully  altered  condition  of  the  gneisses  begins 
at  an  elevation  of  about  400  feet  above  the  sea,  and  thus  it  extends  as  a  sort  of 
fringe  of  varying  width  along  the  lower  slopes  of  the  mountains. 

At  a  yet  lower  level,  say  from  200  to  160  feet,  and  so  nearer  the  sea-coast, 
there  is  a  better  defined  belt  of  more  decidedly  lateritized  form  of  weathered 
irneiss,  in  which  the  unaltered  rock  occurs  less  frequently,  and  then  always  in 
more  or  less  flatly  rounded  humps  and  masses,  which  never  rise  above  a  general 
dead  level.  This  belt  is,  in  fact,  a  country  of  undulating  downs  (where  free  from 
thick  and  lofty  jungle),  or  tolerably  uniform  level  stretches  of  forest  land.  Occa- 
sionally it  also  shows  a  plateau  surface,  or  it  is  broken  into  small  and  low  flat- 
topped  hills.  Always  it  is  very  deeply  indented  by  river  and  stream  vaUeys, 
or  even  by  some  of  the  back-waters  which  have  high  and  steep  shores. 

Further  northwards,  the  plateau  character  of  the  lateritic  gneiss  belt  is  very 
well  developed  in  Malabar. 

It  is  remarkable  of  this  coastal  belt  of  country  that  its  laterite  (an  altered, 
or  ferruginously  infiltrated  condition  of  weathered  or  decomposed  gneiss)  is  not 
to  be  distinguished  from  any  other  laterite,  except  that  which  id  made   up  of 

obviously  detrital  material. 

Whatever  the  laterite  of  Travancore  or  Malabar  may  have  been  originally, 
it  is  an  useless  form  of  the  rock,  being  crumbly  and  soft  as  a  general  rule,  and 
oftener  of  a  red  colour  than  brown.  The  character  of  the  climate  does,  in  fact, 
appear  to  militate  against  the  changing  of  the  red  peroxide  of  iron  in  the  rock, 
to  the  brown  peroxide,  during  which  change  the  proper  cementing  and  hardening 
of  the  sound  rock,  such  as  that  on  the  east  coast  or  in  the  Deccan,  is  evidently 

brought  about. 

The  next  succeeding  rock  formations,  namely,  the  Quilon  and  Warkilli  beds, 

occur  as  a  very  small  patch  on  the  coast  between  the  Quilon  and  Anjengo  back- 

watersi  * 

Tlie  Quilon  beds  are  only  known  through  the  researches  of  the  late  General 

Cullen    who  found  them  cropping  out  at  the  base  of  the  low  laterite  cKffs  edg- 
ing the  back-water  of  that  place,  and  again  in  wells  which  he  had  dug  or  deepened 
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for  the  purpose.  I  waa  myself  not  able  to  find  a  trace  of  tliem.  Tbey  are 
said  to  be  argillaceons  limestones,  or  a  kind  of  dolomite,  in  which  a  manne  feMiiia 
of  univalye  shells,  having  an  eocene  /octat,  was  found ;  and  they  occur  at  about 
40  feet  below  the  laterite  oi.  Quilon,  which  is  reaUy  the  upper  part  of  the  next 
group. 

The  Warkilli  beds,  on  the  other  hand,  are  dearly  seen  in  the  diffs  edging 
the  sea-shore  some  12  miles  south  of  Quilon,  where  they  attain  a  thickness  d 
about  180  feet^  and  have  the  following  suoeeasion  in  descending  order  :>» 

Laterite  (with  sandstone  masses). 
Sandy  days  (or  lithomarge). 
Bandy  clays  (with  saadatone  bands). 
Alnm  clays. 
Lignite  beds  (with  logs  of  wood,  Ac.). 

The  bottom  lignite  beds  rest  on  loose  white  sand ;  and  nothing  is  known  of 
any  lower  strata. 

It  will  be  seen  how  this  set  of  strata  has  an  upper  portion,  or  capping  of  late- 
rite, which  is  howeyer  clearly  detrital.  On  the  landward  edge  of  the  field  of  those 
Warkilli  beds,  there  is  in  places  only  a  thin  skin,  representative  of  these  upper 
beds,  of  lateritio  grits  and  sandstones  lying  directly  on  the  gneiss,  which  is  itself 
also  lateritissed ;  and  it  is  very  hard,  as  may  be  supposed,  to  distinguish  the 
boundary  between  the  two,  unless  the  detrital  character  of  the  former  deposits  is 
well  displayed.  Thus,  the  upper  part  of  the  formation  has  overlapped  the  gneiss. 
It  is  also  this  upper  portion  which  overlies  the  Quilon  beds,  which  are  also  appa- 
rently overlapped. 

These  Warkili  beds  constitute,  for  so  much  of  the  coast,  the  seaward  edge 
of  the  plateau  or  terraced  country  above  described,  and  they  present  simihir 
features.  The  Warkilli  downs  are  a  feature  of  the  country — bare,  grass-grown 
long  flat  undulations  of  laterite,  with,  about  Warkilli  itself,  small  plateau  hills 
forming  the  higher  ground — 180  to  200  feet  above  the  sea.  These  downs  too 
and  the  small  plateaus  or  flat- topped  hills,  are  partly  of  the  Warkilli  laterite  and 
partly  of  the  lateritoid  gneiss. 

Whatever  form  of  denudation  may  have  produced  the  now  much  worn  terrace 
of  the  gneissic  portion  of  the  country,  the  same  also  determined  the  general 
surface  of  the  Warkilli  beds.  Indeed,  it  gradually  dawned  on  me  while  survey- 
ing this  country,  having  the  remembrance  of  what  I  had  seen  of  the  plateaus  and 
terraced  low-land  in-  Malabar  in  previous  years,  that  here,  clearly,  on  this  western 
side  of  India  is  an  old  marine  terrace,  which  must  be  of  later  date  than  the 
Warkilli  beds. 

These  are,  as  I  have  endeavoured  to  show  in  another  paper,  of  probably 
upper  tertiary  age,  and  equivalent  of  the  Guddalore  sandstones  of  the  (?oro. 
mandel.  Hence  this  terrace  must  be  late  tertiary  or  post-pliocene,  and  it  marks, 
likp  the  long  stretches  of  laterite  and  sandstones  on  the  eastern  side  of  the 
country,  the  last  great  or  decided  elevation  of  Southern  India,  prior  to  which, 
as  is  very  probable,  the  Indian  land  rose  almost  directly  from  the  sea  by  its 
Western  (jl^h&ts  and  had  an  eastern  shore  line  which  is  now  indicated  veiy  well 
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by  the  inner  edgre  of  the  Tanjore,  South  Aroot,  Madras,  Nellore,  and  Godavari 
belts  of  laterite  and  sandstone. 

Mr.  Eoote  has  already  generalised  in  this  way  for  the  eastern  side  of  Southern 
India  in  particolar;  bat  I  think  he  makes  the  elevation  too  great,  including,  as 
he  does  in  his  laterite  deposits,  patches  of  lateritized  gravels  and  rook  mietsses 
ranging  up  to  a  height  of  500  feet  at  least,  which  are  not  so  definitely  part  and 
parcel  of  the  proper  coastal  developments. 

The  plateau  form  of  the  Goromandel  areas  has  often  already  been  commented 
on;  but  their  connection  with  a  terraced  form  of  marine  denudation  is  more 
clearly  brought  out,  now  that  the  evident  conformation  of  the  Travancore  and 
Malabar  low-land  is  ascertained. 

The  somewhat  difEerent  level  of  the  surfaces  of  these  plateau  lands  on  each  side 
of  the  peninsula  is  also  interesting  in  so  far  as  there  is  an  evident  general  very 
Blight  inclination  of  the  whole  to  the  south-eastward. 

One  more  very  small  patch  of  variegated  sandstones,  but  associated  with 
Bcoroely  any  laterite,  occurs  in  the  Travancore  countiy  at  Nagarcoil,  about 
12  miles  north  of  Gape  Gomorin.  I  should  certainly  take  this  to  be  representative  of 
the  Cuddalore  sandstones,  so  long  as  no  positive  evidence  to  the  contrary  turns 
up;  and  it  may  be  the  nearest  connecting  link  between  these  rocks  on  the  eastern 
coast  and  the  Warkilli  beds. 

The  recent  deposits  are  the  usual  blown-sands  and  alluvial  deposits  of  the 
low  fiats  along  the  coast ;  an  exceptional  form  occurs  at  Gape  Gomorin  in  the 
shape  of  a  hard  calcareous  sandstone,  which  is  crowded  with  true  fossils  and  casta 
of  the  living  Heltx  vitata.  It  appears  to  be  simply  a  blown-sand,  modified 
through  the  infiltration  of  calcareous  waters.  Loose  blown  sands  are  heaped 
oyer  it  now  in  places,  among  which  are  again  thousands  and  thousands  of  the 
dead  shells  of  the  «past  season.  The  examination  of  this  deposit  has,  however, 
been  left  to  Mr.  Foote,  who  has  likewise  reserved  for  his  study  other  remarkable 
fossilif erous  rocks  of  very  late  age  which  occur  in  this  neighbourhood. 


The  Warkilli  Beds  and  reported  associated  deposits  at  Quilon,  in  Travancore,  hy 
William  Kino,  D.Sc,  Deputy  Btiperintendent  (Madras),  Geological  Survey 
of  India  (with  a  map) . 

The  rocks  to  be  treated  of  in  this  paper  are  some  lateritic  sandstones,  alum 
clays,  and  lignite  beds,  and  other  fossilif  erous  strata,  which  occur  in  the  following 
order  of  succession  : — 

The  WarkilU  ^  Beds  :  apparently  equivalent  to  the  Ouddahre  sandstones  of  the 
BTurvey  nomenclature. 

The  Quilon  Beds :  reported  as  having  yielded  fossils  of  presumably  eocene 
age,  and  only  known  through  the  researches  of  the  late  General  Gullen. 

The  Travancore  low  country,  that  is,  so  much  of  the  western  coast  *ol 
soathem  India,  as  extends  from  Gape  Gomorin  to  within  a  short  distance  of 

^  Otherwise  Wor-kollay  or  Varkalay* 


94  Records  of  the  Geological  Survey  of  India.  [vol.  it. 

CoGbin,  is  slightly  elevated  and  broken  into  low  hills  and  ill-defined  terraced 
land  ;  thus  differing  very  strongly  from  the  far-stretching  plains  of  the  Carnatic, 
which  tonoh  the  sea  merely  by  a  low  bank  of  sand-hills  to  nearly  as  &r  north  u 
Vizagapatam.  At  the  same  time,  there  is  a  narrow  strip  of  the  northern  portion 
of  Tcavancore  which  is  just  on  the  sea-level,  and  nmrked  by  a  chain  of  extensive 
and  lengthened  back-waters  or  lagoons,  the  canal  oommnnication  between  which 
has,  until  lately,  bedn  barred  by  one  small  range  of  low  hills  between  Cochin 
and  Trivandmm.  This  barrier  is  the  most  important  of  the  few  approaches  of 
the  low  terraced  upland  close  on  to  the  sea-shoi'e ;  and  it  presents — ^looking  at  the 
absence  of  such  features  along  the  Goromandel,  or  their  rarily  along  the  west 
coast,  the  remarkable  line  of  low  and  beautifully  coloured  cliffs  of  Warb'Ui. 
This  barrier  has  now,  however,  been  tunnelled  so  as  to  allow  of  complete  and 
unbroken  water  communication,  by  which  chance  fresher  sections — ^though  nnfor- 
tnnately  not  deeper— were  displayed  of  the  rocks  already  so  long  exposed  in 
the  cliffs. 

I  believe  the  first  idea  of  thus  opening  up  a  complete  system  of  viator  com- 
munication  may  be  attributed  to  the  late  General  Cullen,  then  British  Besident 
of  Travancore  ;  at  any  rate,  he  it  was  who  first  drew  attention  to  the  geology  of 
this  Warkilli  barrier,  and  the  occurrence  of  similar  deposits  near  Quilon.  Gene- 
ral Cullen  did  not,  it  is  to  be  regretted,  publish  any  of  his  experiences,  hut  ha 
forwarded  colliections  to  Bombay,  and  communicated  his  observations  to  Mr. 
H.  J.  Carter,  then  Assistant  Surgeon  on  the  Bombay  establishment,  who  embodied 
them  in  his  well-known  *'  Geological  Papers  on  Western  India."  The  previoua 
literature  is  therefore,  as  far  as  is  known,  these  writings  of  Mr.  Carter;  and  his 
conclusions  on  the  occurrence  of  these  rocks,  and  the  fossils  said  to  have  been 
obtained  from  them,  were  that  they  are  preferably  of  eocene  age.  The  foUowinfj 
extracts  from  Mr.  Carter's  work  (L  c.  p.  741)  give  the  information  afforded  by 
General  Cullen,  beginning  with  that  for  Warkilli  itself  :— 

"  The  laterite  and  lignite  cliffs  of  Yarkalay,  which  are  also  near  Quilon,  that  is,  aboat 
12  or  14  miles  south,  extend  along  the  ooast  aboat  6  miles,  varying,  in  altitude 
from  40  to  60  feet.  Below  the  laterite  is  a  series  of  very  beautifully  variegated  coloured 
sands  and  clays,  and  below  them  again  the  carbonaceous  clays  or  shales  and  lignites.  At 
the  north  end  of  the  cliffs,  where  they  are  only  80  feet  high,  the  lignite  bed  is  level  with  the 
beach ;  but  to  the  south,  where  the  cliffs  attain  an  altitude  of  140  feet,  there  appear  to  be 
three  or  four  successive  deposits  of  lignite,  each  of  which  is  from  4  to  6  or  8  feet 
thick.  To  ascertain,  also,  if  this  lignite  bed  extended  inland,  I  sunk  a  well  20  feet  in 
diameter,  at  a  distance  of  about  100  yards  from  the  cliff;  and,  after  passing  through  22  feet 
of  laterite  only  (because  the  well  was  here  sunk  in  a  hollow),  came  to  the  lignite  days. 
I  then  sunk  a  small  well,  about  5  feet  in  diameter,  on  one  side  of  the  large  one,  to  deter- 
mine the  thickness  of  the  lignite  bed,  which  was  penetrated  after  7  feet,  meeting  then 
with  a  bed  of  loose,  white  sand,  from  which  the  water  immediately  sprung  up  so  rapidly  as 
to  oblige  the  people  to  leave  off  working.  I  have  not  found  any  traces  of  organic  remains 
in  these  cliffs,  nor  any  traces  of  limestone.  The  carbonaceous  lignite  beds  abound  with  resin 
and  iron  pyrites  (white),  both,  in  lumps  of  considerable  size.  I  have  a  lump  of  resin  10 
inches  in  diameter. 

"The  variegated  coloured  sands  that  I  have  spoken  of  as  lying  between  the  laterite  and 
lignite  beds,  are  exceedingly  b&autit'ul--at  least  fifteen  different  and  perfectly  distinct  tints. 
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It  has  stroogly  reminded  me  of  what  I  haye  often  heard,  but  never  seen,  except  in  geological 
drawings,  vis.,  the  strata  of  Alum  Bay  in  the  Isle  of  Wight." 

The  next  place  of  examination  was  near  Qnilon ;  and  it  may  as  well  be  stated 
here  at  once,  that  I  have  myself  only  been  able  to  carry  on  tbe  uppermost  mem- 
ber alone  of  tbe  Warkilli  beds  so  far  north.  It  will  be  seen  by  the  next  extract 
(Z.  c,  p.  74^)  that  General  CuUen  was  more  successful  in  so  far  as  he  found  other 
very  important  rocks,  whicb  were  also  fossiliferous. 

**  The  first  well  I  opened  was  on  a  laterite  diff  or  point,  4  or  5  miles  north-east  of 
the  town  of  Qoilon.  Having  observed  some  yellowish  slabs  of  dolomite  [argillaceous  lime- 
stone Pj  at  the  base  of  the  cliff  or  strand  of  the  back-water,  whioh  there  suddenly  deepens  to 
40  feet,  and  therefore  prevented  my  tracing  it  further  downwards^  I  laid  open  several 
feet  of  the.  face  of  the  cliff,  and,  still  finding  the  dolomite  slabs  apparently  passing  under  it, 
I  then  went  above,  for  about  100  feet  inland,  and  there  sunk  a  large  well,  and  met  with  the 
dolomite  at  the  depth  of  about  38  feet. 

"  I  then  ascertained  that  the  dolomite  appeared  everywhere  to  prevail  below  the  laterite 
roand  Qoilon,  at  a  depth  of  about  40  feet  from  the  surface. 

"  This  was  determined  by  the  examination  of  wells  in  different  localities,  aud  by  further 
sinking  several  which  had  not  been  carried  down  to  that  depth. 

**  I  think  there  was  a  loose  rubbly  bed  or  stratum,  of  exactly  the  same  composition  as  the 
compact  limestone  both  above  and  below  the  slabs,  and  in  which  the  greater  number  of  the 
organic  remains  were  found  *,  but  the  limestone  itself  (though  extremely  hard  and  tough) 
also  contained  numerous  specimens  in  the  most  perfect  state  of  preservation. 

**  The  limestone  is  of  a  bluish-g^y  inside,  but  externally,  where  exposed  to  the  weather, 
of  a  dull  yellowish  colour." 

This  is  all  tbat  is  giren  of  General  Gullen's  own  descriptions  ;  but  Mr.  Garter 
subsequently,  in  His  notes,  states  that  further  information  was  furnished  in  one 
way  or  other  about  these  Quilon  deposits.     Thus  (Z.  c,  p.  741)-^ 

"  The  specimens  of  limestone,  too,  which  General  Gullen  formerly  presented  to  the  Society 
through  Dr.  Buist,  not  only  bear  the  colour  of  the  clay,  but,  with  its  imbedded  tertiary 
shells,  also  contain  portions  of  lignite  indicating  its  intimate  connection  with  it." 

Again,  in  his  discussion  of  the  fossiliferous  evidence  of  the  tertiary  deposits  of 
Western  India,  Mr.  Garter  writes  (Z.  c,  p.  743)  : — 

"  In  this  structure  it  will  be  seen  that  they  resemble  Orbit olitei  MaMariea,  H.  J.  C. 
(Ann.  and  Mag.  Nat.  Hist.,  2nd  Ser.,  XI,  p.  425, 1863),  of  the  blue,  clayey,  argillaoeoua 
limestone  of  the  coast  of  Travancore  i      •      •      ." 

'  On  reference  to  this  paper,  I  find  that  the  locality  of  Orbitolites  is  moved  further  north, 
thns:  "Loeality — Abounding  in  an  impure,  bluish-green  limestone  (of  the  Pleiooene  of  [«te] 
formations),  about  80  feet  beneath  the  surface  at  Cochin  on  the  Malabar  coast,  the  shells  of  whicb, 
though  deprived  of  their  animal  matter,  are  still  white  and  pulverulent,  or  semi-crystalline." 
Mr.  Carter,  who  is  now  residing  in  England,  has  very  kindly  allowed  me  to  communicate  with  him 
on  the  subject  of  these  Travancore  fossils,  and  as  regards  this  variation  in  locality,  writes  (7th 
November  1881) : — "As  regards  the  discrepancy  in  looaUty  evidenced  in  my  account  of  OrhUoUin 
mtalabariea,  it  should  be  known  that  the  specimens  bearing  this  Foram.  came  into  my  hands 
while  I  was  Conservator  of  the  little  museum  of  the  Bombay  Asiatic  Society,  as  you  may  see  by 
the  extract,  through  the  late  Dr.  Buist.  This  was  some  time  bef ofo  I  began  to  oonespond  with 
Ocneral  Cullen,  and  therefore  long  before  I  knew  anything  of  the  Qnilon  and  Verkallay  deposits ;  so 
it  ia  not  improbable  that  they,  the  specimens,  were  labelled  "  Cochin*"  At  all  events  it  is  a  mistake, 
for  which  I  can  offer  no  other  explanation." 

B 


96  Records  of  tie  Oeoloffieal  Survey  of  India,  [tol.  xt. 

And  at  page  744  :— 

"  Lastly  comes  tbe  argiUaoeoas  limestone  of  the  Malabar  coast,  not  only  abondantly 
charged  with  the  Orbitolite  just  mentioned,  hnt  there  again  in  company  with  S^ronUnu 
FortUi,  together  with  Cerithium  rude,  Manella  bufb,  Coisu  sculpta,  Volutajugoia,  Comu 
eafenulatus,  and  C  marginalus  (Grant,  Geol.  Cutch,  Tert.  Fobs.)  ;  also  Natiea,  Tttrho, 
Pleurotoma,  Fasciolaria,  Murex,  Cancellaria,  Ancillaria,  and  Oyprea,  all  (new  spedes?) 
closely  allied  in  form  to  the  figured  shells  of  the  eocene  period.  The  orbitolite  differs  tcij 
little,  except  in  size,  from  Orbieulina  angulata.  Lam.  (Encyclop.  M^thodiqae,  pi.  468,  fig.  3), 
from  which  I  infer  that  the  latter  should  also  be  included  among  OrbiMUes,  Lamar^." 

I  haye  given  the  aboye  extracts  here,  becanse  they  go  far  to  show  that  these 
fossils,  or  some  of  them,  are  those  which  were  forwarded  by  (General  Collen  as 
haying  been  procured  from  the  beds  underlying  the  Qnilon  laterite. 

G-eneral  Cnllen's  description  of  the  occnrrence  of  this  ''dolomite"  and  its 
f ossiliferousness  is  so  circumstantial  that  we  mnst^  until  better  negatiye  eyidence 
than  that  afforded  by  my  unsuccessful  search  can  be  obtained,  perforce  beHeve 
that  the  rock  and  the  fossils  exist  as  described ;  hence,  I  will  so  consider  this 
deposit  in  its  relations  with  the  Warkilli  rocks. 

The  Warkilli  beds  consist  of  a  series  of  sands  and  clays  capped  by  laterite, 
giving  the  range  of  clifEs  touching  on  the  sea-shore.  The  highest  part  of  the 
sea-face  is  at  the  southern  end,  between  Warkilli  yillage  and  Naddangdndi 
(Neddungpinday),  on  the  Anjengo  back-water.  Northwa]:ds  the  high  ground 
runs  down  with  the  dip  of  the  rocks,  which  is  yery  gentle  to  the  north,  and  thus 
the  range  of  clifb  soon  ceases  in  that  direction  until  only  a  low  scarped  edge  of 
rocks  meets  the  sea  at  the  Parrayur^  (Purra-ur)  back-water.  Thenoe,  in  the 
same  direction,  representatiye  strata  of  the  capping  beds  show  only  at  some 
distance  inland  until  Quilon  is  reached,  where  such  rocks  approach  the  shore  and 
form  at  Tangacheri  (Tungumshery)  point  a  yery  low  scarped  headland,  beyond 
which  out  in  the  sea  are  barrier  reefs  of  the  same  rock. 

It  is  not  yery  easy  to  g^ye  the  exact  limits  of  the  area  of  the  Warkilli  rocks, 
owing  to  the  confusing  way  in  which  that  peculiar  form  of  rock  alteration  which 
giyes  rise  to  laterite,'  or  a  rock  resembling  laterite,  is  deyeloped,  not  only  in  these 
deposits  themselyes,  but  in  the  crystalline  rocks  or  gneisses  on  which  they  lie 
and  in  the  superficial  rain-wash  and  debris  coyering  both.     Indeed,  an  ordinary 

\A  peculiarity  of  the  Travancore  topography  is  that  there  are  few  well-marked  asseinbljigei 
of  dwellings  answering  to  the  villages  of  the  eastern  side  of  South  India.  The  names  given  in  the 
map  apply  rather  to  town  lands,  the  cottages  or  farms  being  scattered  and  independent. 

^  The  origin  of  laterite  being  still  unsettled,  it  is  as  well  that  no  opportunity  should  be  neg- 
lected for  keeping  certain  points  in  the  investigation  well  to  the  fore.  Only  lately,  I  see  that  my 
colleague,  Mr.  F.  B.  Mallet,  in  his  paper  '*  On  the  ferruginous  beds  associated  with  the  bassltic 
rocks  of  Korth-Eastem  Ulster,  in  relation  to  Indian  laterite"  (Records  Qeol.  Surv.  of  Ind., 
XIV,  p.  148)  writes  with  reference  to  a  generalSsation  of  Mr.  W.  J.  McQee  of  Farley,  Iowa,  U. 
8.  A. : — "  But  that  laterite  is  a  product  of  the  alteration  tit  <t/»  of  the  underlying  rocks  is  a 
view  open  to  serious  objections,  which  has  been  fully  discussed  by  Mr.  Blanford."  Now  this  is 
striking  at  actual  facts,  against  which  no  local  or  theoretical  objections  can  be  taken  into  oonsiders- 
tion :  for, — to  put  it  plainly,  and  as  long  as  we  are  unable  to  define  strictly  what  shall  and  whst 
shall  not  be  called  laierUe  among  the  strange  ferruginous  rocks  which' go  by  that  name,— certain 
forms  of  this  rock  are  actually  and  really  an  altered  condition  of  the  rock  in  9Um,    Such  is  the  caw 
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obserFer  would  say,  that  not  only  are  the  Warkilli  downs  composed  of  laterite, 
but  that  the  greater  part  of  the  country  far  inland  also  consists  of  the  same  rock. 
Practically,  there  are  thus  three  forms  of  rock  here  and  in  the  neighbourhood 
which  usually  go  by  the  name  of  laterite : — 

1.  Superficial  ferruginously  cemented  debris. 

2.  The  ferruginous,  clayey,  reddish  or  brown  coloured,  irregularly  yesicular 

and  Termiform  scabrous  rock  forming  the  uppermost  portion  of  the 
Warkilli  beds,  which  is  unmistakably  detrital,  and  which  I  will  call 
laterite  in  this  paper. 

3.  The  altered  form  of  decomposed  gneiss  (called  '  kabuk '  in  Ceylon), 

which  I  shall  here  write  of  as  lateribized  gneiss.  This  form  always 
eventually  shows  traces  of  original  crystalline  structure  and  consti- 
tution. 

Owing,  then,  to  similarity  of  appearance  and  general  ferruginous  infiltration 
of  these  different  rocks,  it  may  be  conceiyed  how  difficult  it  is  to  give  close 
boundaries  to  the  Warkilli  beds.  There  is  little  trouble  about  their  southern 
limit ;  but  the  eastern  boundary  is  badly  defined,  it  may  range  a  short  distance 
east  or  west  of  the  line  given  in  the  annexed  map,  and  particularly  it  may  be 
much  more  sinuous  than  I  have  shown,  and  there  may  be  a  few  insignificant  out- 
liers. About  Quilon,  I  am  exceedingly  doubtful  as  to  whether  a  good  deal  of 
lateritized  gneiss  may  not  be  included  in  my  field  :  thus  it  would  be  no  easy  task 
for  me  to'  persuade  any  one  who  had  not  had  great  experience  of  the  behaviour 
of  lateritic  metamorphosis,  that  all  the  lateritic  clifEs  edging  the  Quilon  back- 
water are  not  just  as  much  laterite  as  those  of  the  portion  laid  down  on  the  map. 

With  these  qualifications,  the  Warkilli  rocks  form  a  lenticular  patch  for  about 
22  miles  along  the  coast,  with  a  breadth,  in  the  middle  of  the  field,  of  about  5 
nules ;  laterite  alone  at  the  Quilon  end,  and — ^by  their  gentle  hade  up  to  the 
^uth — laterite  with  underlying  beds  to  a  thickness  of  about  180  feet  at  the 
Anjengo  end. 

The  series,  as  displayed  in  the  cli&  at  this  end,  is  in  descending  order- 
Feet. 

Xafori^.-^Ferraginons  clays  and  sandy  clays,  in  which  are  occasional,  ill-defined 

masses  and  bands  of  coarse  sandstone  and  incoherent  sand,  more  or  less 
▼esicnlar,  with  irregalar  hollows  and  pipe-like  or  vermiform  passages  (dis- 
continnons),  very  many  of  which  are  filled  with  white  and  pinkish  fine 
day;  brown  colonred,  shading  downwards  to  red,  white,  and  yellow 
mottled ;  banded.  Any  bedding  which  may  have  existed  is  now  mnch 
obliterated,  and  the  npper  brown  band,  which  is  more  properly  laterite,  is 
not  recognisable  as  a  separate  bed  or  capping      ...  •••  ...  80  to 40 

in  Tnvanoore,  lialabar,  and  Ceylon,  where  I  have  over  and  over  again  traced  the  laterite  (as  it  is 
called  in  Travanoore)  or  the  'kabuk'  (the  Singalese  synonym)  into  the  living  gneiss  rock.  I 
have  held  this  view  of  what  may  be  called  the  lateritization  of  gneiss  with  Mr.  B.  Brace  Foote 
(my  colleague  in  Madras)  for  the  last  20  years :  oar  conclosions  having  been  based  on  observations 
on  the  Nilgiris,  Shevaroys,  and  other  elevated  regions  in  the  Knmool  and  Cnddapah  districts ;  and 
my  enlarged  experience  of  the  western  coast  and  Ceylon  have  only  confirmed  it.  Oar  experience 
of  the  Deccan  laterites  is  not  so  extended,  bat  we  are  agreed  also  that  some  of  these  most  be 
ptodocte  of  alteration  of  the  rock  t'ji  $U%* 
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SandM  and  iandy  elayi, — Bod,  yellow,  white,  and  purple  variegated  sandy  clays, 
with  rather  more  distinct  hands  and  masses  of  sandstone.  Mottled  in  colour, 
but  not  so  yesicnlar  as  the  rook  above,  though  still  marbled  with  vermi- 
form runs  of  finer  clay  (lithomarge  of  some  writers),  ...  abont 
Fale  red  and  white  variegated  and  laminated  sandy  clays 

Alum  Clays. — Dark^scoloured  purple  greyi  compact  clays  with  thin,  scarcely 
appreciable,  laminiB  of  iron  pyrites,  giving  bright  yellow  alum  efflor- 
escence   

Various  coloured  alum  days  and  sands ;  dark  grey  and  buff  at  the  bottom 
and  yellow  towards  the  top 

Little  beds. — ^An  incoherent  sandy  bed  Of  varying  thickness,  much  laminated 
with  brown  loamy  and  clayey  material,  in  which  are  many  lumps  and 
even  logs  of  wood  in  various  conditions  of  preservation.  The  wood  is 
mostly  blackened,  and  much  in  the  condition  of  the  '  bog-oak '  of  the 

Irish  peat  bogs 

Dark,  nearly  black,  clay ;  often  rather  peaty,  or  having  patches  of  fine  bladr 
vegetable  matter,  with  particles  and  small  masses  of  iron  pyrites;  con- 
taining, here  and  there,  big  logs  of  spongy,  rotten,  and,  as  it  were,  chaired 
wood,  and  lumps  of  coarse  resin  ....••  about 

Loose  sands, — Coarse  and  white*coloured  j  only  a  few  inches  exposed. 

Thus,  for  the  sea-clif&i,  tlie  section  is  in  general  terms : — 


f«et. 


Laterite  .        •        •        .        . 

Sands  and  sandy  clays,  or  lithomarge 

Alum  clays 

Lignite  beds 

Sands         •.*..« 


Feet. 

30'to40 

68 

25 

7  to  16 


40 
10 


6 
20 


2  to  10 


Total 


.  120   las 


Strong  springs  of  clear  fresh  water  issue  at  seyeral  points  alon^  the  base  of 
the  cliffs  from  above  the  alnm  clay  band.  These  are  supposed  to  possess  cora- 
tiye  properties,  and  are  accordingly  of  frequent  resort. 

The  sections  exposed  in  the  cuttings  and  tunnelling  of  the  barrier,  which  lie 
from  a  few  hundred  yards  to  half  a  mile  inland,  give  a  thickness  of  30  to  70  feet 
for  the  laterite.  This  shades  down  into  red,  yellow,  and  whitish  clayey  sand- 
stones, which  are  generally  soft  and  wet,  though  at  times  hardened  in  beoids  and 
patches,  and  which  have  a  variable  thickness  of  from  40  to  90  feet  owing  to  a  wavy 
and  uneven  bottom.  The  alum  clays  are  beautifully  exposed  in  good  beds,  and 
for  a  long  time  they  presented  a  fine  display  of  colours— reds,  blues,  and  greys, 
with  strong  bright  yellow  efflorescence,  which  have  now,  however,  become  blurred 
through  exposure.  In  their  lower  sandy  portion  there  is  a  good  deal  of  wood. 
The  thickness  of  the  alum  beds  is  about  20  feet.  The  proper  lignite  seam  has 
about  the  same  thickness  as  on  the  shore ;  but  as  the  base  of  the  tunnel  does  not 
run  below  them,  there  is  no  knowledge  of  the  subjacent  rock. 

The  outer  and  inner  sections  are  thus  substantially  the  same, — ^the  differences 
being  that  the  beds  below  the  laterite,  in  the  cuttings,  are  rather  clayey  sand- 
stones than  sandy  clays ;  while  logs  of  wood  are  found  in  the  alum  clajrs  also. 
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As  these  beds  are  followed  northwards  along  the  Bhore,  the  dip  gradually 
carries  the  lignite  band  below  the  beaoh,  which  is  next  bordered,  for  some 
hundred  yards,  by  the  alum  days,  the  upper  edge  of  which  is  marked  by  the 
bamboo  spouts  let  in  aboye  them  at  convenient  places  for  carrying  o£E  the  water 
of  the  sacred  springs.^  Then  the  clays,  in  their  turn,  ran  under  a  long  flat  beach, 
OTor  which  the  water  of  the  springs  now  flows  directly,  and  about  a  quarter  of  a 
mile  further  on,  the  lowering  cliffs  are  simply  of  the  laterite,  which  rock  finally 
ceases  io  show  on  the  shore  near  Purrayur. 

The  Warkilli  capping  is,  howerer,  continued  inland  in  a  north-eastward  direc- 
tion to  the  narrowing  of  the  Purravur  lagoon  at  Mailakdd  (Mylaked),  but  here 
all  that  exists  of  it  is  a  very  thin  skin  of  coarse  ferruginous  grits  and  sandstones, 
which  is  lying  directly  on  weathered  and  lateritized  gneiss,  the  lower  portions 
haying  thus  been  overlapped.  Hence,  if  the  clays,  &c.,  are  oontinued  northward, 
they  must  lie  deep  under  the  lagoon  and  the  sea. 

From  Mailak&d  other  sandstone  outcrops,  associated  with  laterite,  are  trace- 
able up  to  Quilon,  under  which  place  it  might  naturally  be  expected  that  either 
some  trace  of  the  Warkilli  beds  should  be  found,  or  that  the  laterite  should 
overlie  the  gneiss  directly.  The  only  deposits,  however,  which  I  could  find 
differing  from  the  prevalent  laterite,  or  its  underlying  lithomarge  (common  at 
the  base  of  the  low  cliffs  edging  the  back-water)  is  a  loose,  very  coarse,  yellow 
sand,  occurring  in  a  dried-up  stream  bed,  or  wide  ditch,  near  the  mosque  between 
the  civil  town  and  the  parade-groimd,  which  is  like  some  of  the  loose  sands 
below  the  laterite  band  at  Warkilli.  I  saw  no  limestone  ^  or  other  calcareous  rock 
answering  to  that  described  so  circumstantially  by  General  GuUen  as  cropping  out 
at  the  base  of  the  low  clifb  north-east  of  Quilon. 

Only  representatives  therefore  of  the  upper  portions  of  the  Warkilli  beds 

*    -        -  .  . 

'  The  water  seam  tapplying  the  springs  on  the  sea-shore  was  tapped  by  the  tnnnel  operations, 
and  there  was  a  slight  temporary  decrease  in  the  discharge.  The  leaking  of  the  water  in  the 
tannels  and  at  the  cuttings  over  the  freshly  opened  ahim  clays,  and  the  miztnre  of  f ermginous 
wash  from  above,  thus  gave  rise  to  conriderable  lormise  as  to  the  existence  of  natural  chalybreate 
and  other  waters.  Such  are,  however,  only  produced  temporarily,  though  they  will  be  collecting  for 
a  long  time,  and  they  might  be  found  efficacious  in  some  oases  of  the  skin  diseases  so  common  on 
this  coast. 

'  This  reported  occurrence  of  limestone  and  fossils  by  General  Cullen  is  one  of  the  strangest 
incidents  of  recorded  observation  which  has  taken  place  in  India ;  for  his  account  of  it,  and  of 
hifl  reasons  for  concluding  that  such  a  deposit  underlies  the  Quilon  laterite,  is  so  clear  that  one 
dan  hardly  suppose  him  to  be  mistaken;  and  yet  there  is  no  other  evidence  of  its  occurrence 
than  the  general  statement  as  given  by  Dr.  Carter.  Not  only  have  I  not  been  able  to  find  it,  or 
the  least  trace  of  any  calcareous  debris— itself  a  very  strange  thing  when  we  recollect  that  wells  had 
been  sunk  inland — ^but  the  same  disappointment  had  been  already  experienced  by  the  District 
Engineer,  Mr.  Horsley,  who  iB  perfectly  capable  of  distinguishing  a  calcareous  rock,  and,  under  the 
very  urgent  requirement  of  the  works  at  Quilon  for  mortar,  most  diligent  search  for  this  argilla- 
ceous limestone  or  dolomite  had  been  made.  I  believe,  also,  that  Mr.  Horseley  had  the  advantage  of 
employing  the' only  giude  left  in  a  servant  at  the  Residency,  who  used  to  accompany  General  Cullen 
m  hia  excursions,  and  to  work  for  him.  This  man,  unfortunately  for  me,  was  at  the  time  of  my 
visit  paralysed  in  his  speech  through  continued  fever  and  rheumatism,  or  other  ailments,  and  unable 
to  be  moved. 
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oocnr  at  Qailon  resting  upon  and  apparently  OTerlapping  a  set  of  fofiailiferotu 
beds  only  known  tliroagh  the  researches  of  General  Cnlleii. 

The  Warkilli  strata  are  clearly  of  fresh-water  or  lagoon  origin,  being  in  fact 
very  mnch  after  the  style  of  the  deposits  now  being  laid  down  in  parts  of  the 
present  back-waters  into  which,  at  flood  times,  a  great  deal  of  drift  wood  and 
decaying  vegetable  matter  is  being  carried  along  with  silt  clays  and  sands  and 
ferruginous  matter. 

The  fossiliferdns  argillaceous  limestones  under  the  laterite  at  Quilon  are 
apparently  very  thin ;  and  as  the  fossils  described  as  having  been  obtained  from 
them  constitute  an  essentially  marine  fauna,  they  can  hardly  be  considered 
otherwise  than  as  belonging  to  a  separate  and  somewhat  older  group  than  that 
which  has  thinned  out  over  them.  Each  of  them  may  be  groups  of  a  series  or  of 
a  formation^  or  they  may  not;  but  the  important  feature  is  that  they  are 
separate  groups ;  and  thus  I  would  difEerentiate  the  Quilon  beds. 

Reference  to  the  ''  Geological  Papers  on  Western  India  "  already  quoted  wiU 
show  how  the  whole  series  of  Travancore  deposits  has  been  correlated  with  very 
similar  deposits  on  other  parts  of  the  coasts  of  the  Peninsula ;  as  on  this  side 
going  northwards,  at  Eatnagiii,  Bombay,  Broach,  Kattiwar,  Cutch,  and  Sind, 
and,  on  the  other  side,  through  the  sandstones  and  laterite  of  the  Coromandel, 
and  the  fossiliferous  intertrappean  beds  near  Bajahmundry.  This  correlation 
went  too  far,  however,  partly  through  this  separate  grouping  not  being  known, 
and  by  a  very  natural  straining  at  the  comparison  of  a  series  of  laterite  and  fossili- 
ferous beds  with  the  lateritic  beds  and  limestones  of  Bajahmundry,  which  last 
now  appear  to  be  most  reasonably  of  upper  cretaceous  age^ :  while  the  fossiliferous 
beds  of  Bombay  northwards  are  of  tertiary  age. 

Mr.  Garter's  correlation  of  the  Quilon  fossils'  with  those  of  the  Kattiwar, 
Cutch,  and  Sind  beds,  still  stands,  however,  and  he  thus  makes  them  out  to  be 
preferably  of  eocene  age. 

The  Warkilli  beds  must  then  be  either  of  the  same  age,  or,  if  different  oon- 
ditions  of  deposition  and  apparent  overlap  go  for  anything,  of  perhaps  a  later 
tertiary  age. 

The  evidence  given  by  the  wood  at  the  base  of  the  alum  clays  and  in  the 
lignite  seam,  is  of  little  significance  considering  that  perfectly  fossilised  wood 
occurs  in  the  older  alluvial  deposits  of  the  Ood&vari  valley,  which  certainly 
appear  to  be  &r  later  deposits  than  these ;  though  the  very  unaltered  condition 
of  the  logs  implies  that  they  must  be  much  newer  than  those  containing  the 
perfectly  bleached  and  dull  shells  said  to  have  been  obtained  from  the  Qnilon 
diggings.  To  all  appearance,  indeed,  this  wood  is  T&t^  like  the  blabk-wood 
now  growing  in  the  Travancore  forests ;  and  it  is  so  unaltered  in  good  specixnena 
that  large  pieces  of  furniture  have  been  made  from  it  which  are  scarcely  dis- 
tinguishable from  that  made  out  of  the  modern  timber. 

Again,  taking  up  the  original  generalisation  of  Carter  and  other  observers, 
but  leaving  the  intertrappean  beds  of  Bajahmundry  out  of  count,  there  does  not 

1  See  Memoin  Geological  Snrvej  of  India,  XYI,  pt.  8,  and  Manual  of  the  Geology  of  ladii, 
Chapters  XIII  A  XIV. 
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appear,  ao  far  as  is  yet  known,  to  be  any  representatiye  of  the  Qculon  beds  on  the 
Coromandel,  at  least  as  &r  south  as  Madura.  On  the  other  hand,  there  is  a 
strong  lithological  likeness  between  the  upper  portion  of  the  Warkilli  beds  and 
the  upper  portion  of  the  Guddalore  sandstones  as  at  Yellum,  in  Tanjore,  in  the 
Bed  Hills  of  Pondicherry  and  Madras,  and  in  the  Nellore  and  Qoddvari  districts; 
while  they  are  all  similarly  situated  as  low-ljing  or  not  very  elerated  fringes 
bordering  the  sea-coast.  There  is  also  a  possible  link  to  this  chain  of  coastal 
deposits  on  either  side  of  India,  in  a  small  patch  of  red  and  variegated  sand- 
stones, with,  howeyer,  very  little  show  of  laterite  at  Nagercoil,  about  12  miles 
north  of  Gape  Gomorin. 

Irrespective,  however,  of  any  argument  from  the  association  of  the  Warkilli 
laterite  and  sands  with  fossiliferous  limestone  haviug  eocene  affinities,  a  gene- 
rally tertiary  age  has  been  given  by  us  to  the  Guddalore  sandstones,  through 
their  discordant  lie  on  the  cretaceous  rocks  in  South  Arcot  and  on  the  traps  and 
intertrappean  beds  of  Bajahmundry.  Hence,  on  the  groimd  of  lithological  like- 
ness, similarity  of  position,  and,  as  far  as  it  goes,  general  approximation  of  age, 
it  may  be  assumed  that  the  long  supposed  contemporaniety  of  the  coastal  laterite 
and  sandstones  is  now  fairly  made  out.  Thus,  as  they  are  so  continuously  deve- 
loped over  large  areas  and  occur  in  detached  positions  over  so  lengthened  a  coast 
line,  without  apparently  being  accompanied  by  or  associated  with  these  strange 
Quilon  rocks,  except  in  this  one  locality,  they  are  indeed  strongly  separable  from 
the  latter  and  thus  presumably  of  much  later,  or  even  upper,  tertiary  age. 

I  have  had  opportunities  in  previous  years,  and  this  season  again,  of  examin- 
ing the  West  Goast  for  some  considerable  distance  further  north,  past  Gochin 
and  on  to  a  few  miles  beyond  Galicut ;  but  so  far1)here  is  no  further  representa- 
tive of  the  Warkilli  beds  in  particular,  or  the  Guddalore  sandstones  in  general. 
It  is  quite  true,  however,  that  there  are  very  extensive  tracts  of  what  is  called 
laterite,  as  well  as  a  remarkable  terraced  and  plateau  form  presented  by  many  of 
the  low  hills  of  these  tracts.  My  examination  of  these  showed,  however,  that  all 
this  lateritic  country  is  merely  one  of  a  decomposed  form  of  gneiss,  and  that 
tbe  capped  character  of  the  plateaus  in  the  neighbourhood  of  Beypur  and 
Calicut,  for  instance,  is  due  to  the  denudation  of  an  originally  planed-down 
terrace  of  gneiss  into  detached  plateaus,  the  upper  surfaces  of  which  are  altered 
and  lateritized  to  a  certain  depth. 

There  may  be  detached  patches  of  the  Warkilli  beds  north  of  Galicut  as  yet 
unknown,  but  the  first  occurrence  of  rocks  resembling  them,  of  which  there  is 
any  record,  is  in  the  neighbourhood  of  Batnagiri,  of  which  the  following  section 
is  given  by  Dr.  de  Grespigny  (1856)  h — 

"  Soil  and  detrital  cong^lomerate (a  few  feet). 

Laterite  (soft  below) 85      ft. 

Compact  iron  stone  ........        1| 

Lignite  \     pm 

Blue  clay  j   ^^ 

Water,  jellow  gravel 

Trap." 

'  Carter's  Papers,  op,  eii,  p.  722,  foot  note. 
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Mr.  C.  J.  WilkinBoi],  when  attached  to  the  Survey  (in  1863),  Tisited  this  pari 
of  the  countiy,  and  thns  describes^  tho  occurrence  of  these  rocks :— * 

*'  At  Batnagherry,  ^.,  in  well  and  other  sections,  the  trap  is  found  to  be  orerfadd  by  a 
thiokness  of  a  few  feet  of  white  clay,  imbedding  fruits  and  containing  thin  carbonaoeoiu 
seams  composed  for  the  most  part  of  leaves.  This  is  separated  from  the  soft  laterite  aboTe  by 
a  ferruginous  band  about  an  inch  thick,  having  much  the  appearance  of  hsematite.  It  is 
yesicular,  the  cavities  being  filled  by  quartz,  &c.  The  soft  laterite  soil  above  hardeaa  on  expo* 
sure,  and  this  rapidly.  It  is  very  thick  here  and  along  the  sea  coast,  trap  only  beooming 
exposed  in  the  deep  sections  and  at  the  base  of  the  cliffs/' 

It  cannot,  I  think,  be  doubted  that  here  is  a  true  representative  of  the 
Warkilli  beds ;  and  as  the  traps  on  which  the  rocks  lie  are  generally  flat,  it  is 
not  to  be  expected  that  any  rep)*e8ontative  of  the  Quilon  beds  shall  be  foiin4« 


Note  on  some   Siwalik  and  Narbada  Fossil9  ^y  B.   Ltpskkkb,   B.A.,    tJZS., 

Oeohgical  Survey  of  India. 

1.  The  Narbada  Hippopoicmvus. 

In  Falconer  and  Cautley's  great  work  on  the  fossils  of  the  Siwaliks,  thave  are 
figured  numerous  remains  of  hippopotami  from  the  pleistocene  deposits  of  the 
Narbada  valley.  Among  these  remains  aJl.are  referred  to  a  species  named  ^p- 
]po;potamus  jpalmindictM,  with  the  exception  of  four  lower  jaws,  *  which  are  relnred 
to  a  second  species  under  the  name  of  H,  na/madi^ms.  Unfortunately  neitlur  of 
these  species  was  ever  described,  so  we  are  compelled  to  rely  upon  FsJoomer'B 
figures  and  occasional  notes.  It  is  stated'  that  H,  palceindiciu  is  allied  to  tiie 
living  African  hippopotamus,  but  is  distinguished  by  the  median  pair  of  indvors 
being  slightly  smaller  than  the  outer;  the  reverse  being  very  markedly  thecsasa 
in  the  living  species.  This  species  had  only  two  pairs  of  lower  incisors,  and.  was 
accordingly  referred  to  Falconer's  sub-genus  Tetra^protodon,  These  teeth  an  of 
large  size. 

In  H.  namadicus,  which,  sa  already  said,  is  known  only  by  the  lower  |aw, 
there  are  always  six  incisors,  which  in  some  specimens  (F.  A.  S.,  pL  LVHI, 
figs.  I,  3,)  are  sub-equal  in  size,  and  placed  in  the  same  horizontal  line ;  nrldle 
in  others  (I&u2,  pi.  LYII,  ^g.  12;  LVIII,  fig.  2),  the  second  pair  of  incisois  is 
rather  smaller  than  the  others,  and  thrust  somewhat  above  their  line.  AS  ihe 
incisor^  of  this  form  are  smaller  than  those  of  the  tetraprotodont  form. 

If  no  other  specimens  than  those  figured  in  the  '*  Fauna  Antiqua  Sivalenan" 
were  in  existence,  I  should  have  little,  if  any,  doubt  as  to  there  being  two  speeies 
of  Narbada  hippopotami.  There  are,  however,  two  specimens  of  the  mandiUea 
of  hippopotami  in  the  Indian  Museum,  from  the  Narbada  deposits,  which  lead 
me  to  have  very  grave  doubts  on  this  subject. 

The  first  of  these  specimens  (F.  147)  has  three  pairs  of  incisors  of  sub-eqnal 
size,  and  must  therefore  be  referred  to  Falconer's  JET.  fhamadious.    The  second 

'  Records  G.  S.  of  Ind..  IV,  p.  44.  *  PI.  LVII,  fig.  12 ;  LVIII.  figs.  1,  2,  3, 

»  •*  Pal.  Mem."  Vol  I,  pp.  21, 147,  407. 
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pair  of  incisors  are,  howeyer,  more  raised  above  the  line  of  the  others  than  in 
any  of  Falconer's  specimens. 

The  second  specimen  (F.  148)  has  two  pairs  of  very  large  and  closely  approx- 
imated incisors,  and  therefore  agprees  with  Falconer's  H,  pahBindicus,  In  the 
upper  angles  between  these  large  teeth,  there  are,  however,  wedged  in,  two  very 
minute  teeth,  corresponding  to  the  second  pair  of  incisors  in  H.  namadictis.  The 
vertical  diameters  of  the  first,  second,  and  third  inoisors  in  this  ja^  are  respect" 
ively  1*96,  0*59,  and  2*0  inches;  while  in  the  other  specimen  they  are  1*2, 
0*9,  and  1*33  inches.  The  s^imen  No.  F  148  mnst  certainly  be  referred  to 
H.  pdUBindictts,  but  the*  presence  of  the  minute  pair  of  second  incisors  connects  it 
80  closely  with  those  forms  <tf  JET.  namadicus  in  which  that  pair  of  teeth  is,  so  to 
speak,  partly  squeezed  out  of  the  way  by  the  others,  that  it  becomes  a  question 
whether  the  latter  species  can  be  maintained. 

It  is  true  that  in  the  iypical  tetraprotodont  forms,  and  in  No.  F  18,  the  first 
and  third  incisors  are  much  larger  than  in  typical  hexaprotodont  forms ;  but  this 
might  be  accounted  for  by  the  greater  space  for  growth  which  these  teeth  obtain 
in  the  tetraprotodont  form. 

On  the  whole,  it  would  perhaps  be  rash  to  say  positively  that  there  is  only 
one  species  of  Narbada  hippopotamus ;  but,  taking  into  account  that  only  one 
form  of  skull  could  be  distinguished  by  Dr.  Falconer,  and  the  variations. above 
noticed  in  the  lower  incisors,  such  was  not  improbably  the  case. 

The  tetraprotodont  form  of  the  Narbada  hippopotamus  seems  to  be  distin« 
gnished  from  the  African  species  by  having  the  two  pairs  of  incisors  of  sub-equal 
size,  or  the  outer  larger  than  the  inner.  In  the  living  species  the  inner  incisors 
are  generally  very  much  larger  than  the  outer.  The  hexaprotodont  form  in 
which  the  lower  incisors  are  of  sub-equal  size,  and  placed  in  the  same  horizontal 
line,  seems  to  agree  very  closely  with  the  older  H,  stvaUmiSf  and  I  am  not  aware 
how  they  can  be  distinguished. 

The  Narbada  hippopotamus,  whether  belonging  to  one  or  more  species,  shows 
a  clear  instance  of  the  evolution  of  a  tetraprotodont  from  a  hexaprotodont  form, 
after  the  general  law  of  progression  from  the  generalised  to  the  specialised. 
These  animals,  further,  most  clearly  connect  the  Siwalik  with  the  living  form, 
and  may  thus  indicate  the  line  of  descent  of  the  latter. 

The  above  conclusions  indicate  decisively.thai  Falconer's  sub-genera  HexaprO' 
todon  and  Tetraprotodon  must  be  abolished,  lbs  their  distinctive  characters  are 
found  in  the  same  species.  They  further  indicate  that  it  is  almost  certainly  the 
second  pair  of  incisors  which  is  suppressed  in  the  African  hippopotamus ;  a  fact 
which  may  prove  of  some  importance  in  determining  the  homologies  of  the 
incisors  in  other  ungulate  mammals  (e.^.,  Bhinoceroa)  in  which  the  whole  of  the 
typical  series  is  not  developed. 

2.  Structure  of  molars  of  Mastodon  sivalensis. 
A  much   worn  molar  tooth  of  Mastodon  sivalensis  from  the  Punjab  in  the  col- 
lection of  the  Indian  Museum,^  which  has  been  recently  cut  and  polished,  shows 

»  No.  A.  258. 
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a  pecnliaritj  in  the  arrangemetit  of  the  enamel,  not  previously  observed,  as  far  as 
I  am  aware,  in  the  teeth  of  the  Proboscidia.  The  enamel,  in  place  of  simplj 
investing  the  cones,  or  denticles  of  the  crown,  as .  a  regular  cap,  is  thrown  into 
nnmerons  folds,  placed  at  regular  intervals  from  one  another,  penetrating  deeply 
into  the  dentine  of  the  cones,  and  converging  towards  their  centres.  The  hoii- 
Kontal  section  of  one  of  these  cones  exhibits  a  structure  intermediate  in  respect 
to  the  depth  of  the  foldings  of  the  enamel,  between  that  of  the  teeth  of  Ichihy<h 
saurus  and  Ldbyrinthodon,^  The  infoldings  are  considerably  deeper  than  those  in 
the  former  genus,  and  if  the  symmetry  of  the  cones  were  not  interfered  with  by 
mutual  adpressure,  these  infoldings  would  present  a  regular  conveigenoe  towards 
the  centre  as  in  Ichthyosaurus.  A  second  cut  specimen  exhibits  a  umilar  stnic- 
ture. 

I  have  not  observed  this  structure  in  the  molars  of  any  other  species  of  mas- 
todon ;  and  from  the  statement  of  Professor  Owen,  that  '*  there  is  no  instance 
in  the  manmiiferous  class  of  these  [enamel]  folds  converging  at  regular  intervals 
all  round  the  circumference  towards  its  centre,"  *  it  would  appear  that  the  molars 
of  Mastodon  sivalensis  are  quite  peculiar  in  this  respect^  and  exhibit  a  homo- 
logy between  the  teeth  of  mammals  and  reptiles  not  previously  known  to  exist. 

3.  Captain  Scarlets  Petim  Fossils. 

A  small  collection  of  vertebrate  fossils  from  Perim  Island,  collected  by  the 
late  Dr.  Wilson,  has  recently  been  presented  to  the  Indian  Museum  by  Captain 
Searle,  Superintendent  of  Marine,  Calcutta,  which  may  be  appropriately  noticed 
here.  The  collection  comprises  a  tooth  of  Mastodon  j^erimensis^  and  a  broken 
one  of  M,  latidens.  A  lower  jaw  of  Acerotherium  perimense,  and  one  of  another 
member  of  the  same  family,  showing  the  symphysis,  and  identical  with  the 
mandible  referred  to  Rhinoceros  sivalensis  in  the  "  Palaeontologia  Indica" :'  this 
form  is  new  to  Perim  Island.  Several  limb-bones  of  elephants  and  rhinoceroses 
are  also  among  the  collection.  There  is  a  horn-core  of  a  large  ruminant,  gene- 
rically  indeterminable.  There  are  also  two  fine  specimens  of  the  cranium  of 
Qharialis  gangetlcusy  and  the  imperfect  humerus  of  a  large  species  of  tortoise 
(not  Colossochelys)^  new  to  these  deposits. 

With  these  additions  the  fossil  vertebrate  fauna  of  Perim  Island  includes 
the  following  forms*  : — 

Mastodon  latidens,  Clift. 

„         perimensis,  Falc.  and  Caut. 

„         pandionis,  Falc. 
Dinotheriam  indioum,  Falc. 
Xyotheriam,  sp. 
Sua  hysadricus,  Falc.  and  Caut. 
Bramatherium  perimenBe,  Falc. 
Camelopardalis  sivalensis,  Falo.  and  Caut. 

>  Bee  Owen's  "  Odontography,"  pi.  LXI V  B. 

«  Loc,  city  p.  201. 

«  Series  X,  Vol.  II,  pt  I. 

<  This  list  may  be  taken  to  lupersede  that  given  on  page  84S  of  the  "  Manual." 
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Antilope,  sp.,  and  other  raminantB. 

Capra  perimensis,  Ljd. 

?  Rhinoceros  siyaleusia,  Falc.  and  Caut. 

Acerotherium  perimense,  Falc.  and  ('aut. 

Hippothei-ium  theohaldi,  Lyd. 

Crocodilos  palnstiis,  Less. 

Gharialis  ^angeticos,  Gmel. 

Ooloesoohelys  atlas,  Falc.  and  Cant. 

Testudo,  sp. 

Emjda,  sp. 

Trionjx,  sp. 

4.  Bagarius  tarbblli,  from  the  Siwaliks, 

In  the  sixth  volume  of  the  "  Jonmal  of  the  Asiatic  Society  of  Bengal"* 
a  portion  of  a  fossil  ichthjopsidan  skull  is  described  and  figured  by  Dr.  Cantor 
as  that  of  a  gigantic  batrachian.  It  was  discovered  by  Colonel  Colvin  in  the 
Siwaliks  of  Ndhan,  and  is  now  in  the  collection  of  the  Indian  Museum.'  In 
184i4i  this  specimen  was  again  described  and  figured  by  Dr.  M'Clelland,'  who 
showed  that  it  belonged  to  a  siluroid  fish,  and  probably  to  Pimelodus. 

At  a  subsequent  date  reference  was  made  by  myself  to  the  specimen,*  when 
it  was  argued  that  it  waa  improbable  that  it  belonged  to  Pimelodus,  since  that 
genus  is  confined  to  the  West  Indies  and  Africa.  In  Dr.  M*Clelland's  time, 
liowever,  the  g^nus  was  less  strictly  defined  and  comprehended  many  Indian  forms, 
and  it  will  be  shown  below,  that  in  this  wider  sense  Dr.  M'Clelland's  determina- 
tion was  correct.  It  was  suggested  in  my  notice  that  the  specimen  might  belong 
to  the  genus  Chaea,'^ 

Thus  the  matter  remained  till  a  few  weeks  ago,  when  a  huge  siluroid, 
caught  in  the  Hughli,  was  brought  to  the  Indian  Museum  by  its  captors. 
On  seeing  this  gigantic  fish  I  was  at  once  struck  with  the  resemblance  of 
its  head  to  the  fossil  skull,  and  accordingly  made  arrangements  for  comparing 
the  two  skrdls  as  soon  as  the  recent  fish  was  macerated.  This  comparison 
I  have  lately  made,  and  I  find  that  the  fossil  (of  which  Dr.  Cantor's  figure 
gives  a  very  good  idea)  comprehends  the  preorbital  part  of  the  skull  and 
agrees  precisely  in  every  detail,  both  of  shape  and  size,  with  the  skull  of  the 
recent  fish.  The*  agreement  between  tlie  two  is  so  close  that  I  have  no  doubt 
but  that  they  are  specifically  identical. 

An  examination  of  the  recent  fish  shows  it  to  be  Bagarius  yarrelliy  Sykos, 
which  according  to  Dr.  Day,^  inhabits  *'  the  large  rivers  of  India  and  Java,  des- 

P.  688,  pL  XXXI. 
Ko.  £,  165. 

"  Calcutta  Journal  of  Natural  History/'  Vol.  IV,  p.  83,  pi.  IX. 
Journal  of  Asiatic  Society  of  Bengal,  Vol.  XLIX,  pt.  II,  p.  16. 

This  suggestion  was  mainly  made  on  the  supposition  that  the  fragment  of  the  skull  was 
more  complete  than  it  is,  and  consequently  that  the  skull  was  very  broad  and  short.  ^ 

•  "The  Fishes  of  India,"  Vol.  li  p.  496,  pi.  CXV,  fig.  3.  /    0 
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cending  to  their  estuaries.  It  attains  6  feet  or  more  in  length."  The  present 
specimen  was  jnst  under  7  feet  in  length.  The  old  name  of  this  fish  was  Pimeb- 
du8  hagaritis.  The  identity  in  size  of  the  recent  and  fossil  skulls  probably  indi- 
cates that  the  two  specimens  had  attained  the  full  development  of  which  the 
species  is  capable.     The  extreme  length  of  the  recent  skull  is  21*4  inches. 

The  determination  of  another  existing  species  of  vertebrata  in  the  Siwalik 
fauna  is  a  matter  of  extreme  interest,  and  confirms  the  inferences  preyiouslj 
drawn  as  to  the  geological  age  of  this  fauna.  The  living  species  now  identified 
from  the  Siwaliks  are  Orocodiltu  palusMsy  OharidUs  gangeticuSf  Pangghura  tedum, 
Emyda  vittaia,  and  Bagarius  yarrelli.  We  shall  see  below  that  Python  mohunu 
may  not  improbably  be  added  to  this  list. 

5.  The  Siwalik  Python. 

On  page  20  of  my  paper  in  the  '*  Journal  of  the  Asiatic  Society  of  Bengal" 
already  quoted,  reference  was  made  to  some  ophidian  vertebrae  in  the  Indian 
Museum'  from  the  Siwaliks  of  Sind  and  the  Punjab,  which  were  said  to  resemble 
those  of  Python.  1  have  lately  submitted  these  vertebns  to  a  careful  comparison 
with  those  of  the  living  Indian  P.  molttrus,  and  can  detect  no  difference  between 
the  two.  Most  of  the  fossil  vertebred  belonged  to  pythons  of  not  more  than 
5  or  6  feet  in  length,  but  an  early  dorsal  '  indicates  an  animal  of  upwards  of 
15  or  16  feet  in  length.  It  would,  perhaps,  be  rash  to  say  positively,  from  the 
evidence  of  these  vertebreB,  that  the  Siwalik  python  was  specifically  identical 
with  P.  molurus,  but  it  is  quite  probable  that  such  was  really  the  case. 

6.  Nabbada  and  Siwalik  Mollusga. 

Mr.  Geoffrey  Nevill,  our  specialist  on  Indian  terrestrial  moUusca^  has  been 
kind  enough  to  examine  the  small  collection  of  land  and  fresh-water  shells  from 
the  pleistocene  of  the  Narbada  and  Jamna,  and  also  from,  the  SiwaHks,  contained 
in  the  Indian  Musettm.  It  may  be  observed  that  lists  of  shells  from  the 
Narbada  beds  have  already  been  published  by  Mr.  Theobald  in  two  separate 
papers,*  and  that  the  specimens  mentioned  in  the  second  of  these  papers  are 
those  submitted  to  Mr.  Nevill,  whose  determinations  differ  somewhat  from 
those  of  Mr.  Theobald.  Of  Siwalik  shells  the  Indian  Museum  has  but  three 
species. 

A  note  on  shells  from  these  deposits  is  given  in  the  '' Palnontologicsl 
Memoirs,"  *  but  the  knowledge  of  living  Indian  terrestrial  moUusca  was  then  so 
imperfect  that  the  note  is  practically  valueless.  It  would  appear  from  this  note 
that  a  considerable  variety  of  Siwalik  shells  were  obtained,  which  are  probably 
now  in  the  British  Museum,  and  it  is  much  to  be  desired  that  they  should  be 
submitted  to  the  examination  of  some  competent  authority  for  determination. 

1  Nob.  £205-206. 
'  No.  E  206. 

•  Mem.  Geol.  Sunr.  India,  Vol.  11,  p.  284,  el  aeq.    Supra,  VoL  VI,  p.  54,  et  9eq. 

*  Vol.  I,  p.  889. 
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The  shells  from  the  Jamna  pleistocene  mentioned  in  the  following  list  were 
csollected,  and  presented  to  the  Indian  Museum  by  Mr.  John  Cockbum  : — 


Name. 


lia  tnbercniata,  Mul.t  ▼.  pyramiB,  Bens. 
PlanorbiB  oompressiu,  Bens. 

„        oonvexiiucalas.  Hut. 

M        exnstixs,  Desh  —  P  ?sr. 
Palndina  bengalensia.  Lam. 

„        disdmilis,  MuL      • 
fieliz  pTOzima,  £iih    . 

„     aiperella,  Pfr. 
BalimiDiu  (CyUndms)  iniularu,  Ehr. 
Corbicnla,  sp.  1    . 

W  »f     *       •  •  • 

>|  M     "       •  •  • 


Unio  marginalia.  Lam. 

fitTidenB,  Bona.,  var,  1 . 


•9 

»» 
99 

9t 
99 
99 
99 
99 


99 
99 


n    Tar.  2  . 
„   var.  8 . 


wynegangeDBifl,  Lea 
ihortlefianos,  Lea 
indicns.  Sow.,  var. 
macileiitiia,  Bens.,  var. 
oormgatnsi  Mul.,  var. 


i 

as 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


a 
I 


+ 


•  •• 

+ 

+ 

•  •• 

+ 

•  .• 

•  •■ 

+ 

•  <• 

•  •• 

+ 

•  «  • 

•  •  • 

•  a  • 

•  •« 

+ 

•  •  • 

9  •  • 

•  •  • 

+ 

* 

•  ■  • 

•  •  • 

•  •  » 

+ 

RB¥ABg». 


Referred  by  Mr.  Theobald  to  C.  eor> 
Yerj  small,  with  large  ridges. 
Large:  Mr.  NeviU  camiot   identify 
with  any  living  form. 

Near   U.   mareetu,  bnt    cannot    be 

identified  with  any  living  variety. 
Near  U,  wynegangentit,  Im, 
Near  U,  triemhol%9,  Bens. 


The  most  important  fact  to  be  gleaned  from  this  list  is  that  two  species, 
ifiz.y  Bulimintu  insvlaris  and  Unio  marffinaliaf  can  be  traced  without  variation 
from  the  Siwaliks,  through  the  Narbada  to  the  present  time :  both  are  still 
living  in  the  Narbada  valley.  A  Siwalik  species  of  Oorhieula  is  considered  bj 
Mp.  Nevill  to  be  probably  extinct^  while  a  probable  variety  of  Unio  favidens 
from  the  Jamna  seems  to  differ  from  any  living  variety,  though  great  stress 
cannot  be  laid  on  this  point  owing  to  the  uncertainty  of  the  specific  character  o( 
the  members  of  this  genus.  i 

7.  QiOANTic  Htopotamus,  from  Bind. 

From'  the  lower  Manchhars  of  the  Bhugti  hills,  north  of  Sind,  Mr.  W.  T. 
Blanford  has  lately  procured  some  upper  and  lower  molars  of  a  gigantic  species  of 
Hyopotamtu.  These  teeth  are  far  larger  than  those  of  any  described  species,  nearly 
equaling  in  size  the  molars  of  Anihraeotlierium  magnum.  They  will  be  described 
subsequently  in  the  "  PalsBontologia  Indica." 


S 
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On  the  Coal-bearing  rocks  of  the  valleys  of  the  upper  Ber  and  the  Maud   rivers  in 

Western  Ohutia  Nagpur.     (WUh  a  map.) 

By  V.  Ball,  m.a.,   f.o.S.,  Geological  Survey  of  India. 

The  following  is  a  record  of  obseryations  made  in  the  season  1870-71  dnring 
a  traverse  of  the  areas  of  coal  measures  which  intervene  between  those  of  the 
Bisrampur  field  on  the  north  and  the  Baigarh  and  Hingir  coal-field  on  the  south. 
Fuller  and  more  detailed  examination  of  these  last  mentioned  fields  in  subse- 
quent seasons  enabled  separate  accounts  of  them  to  be  published,^  bat  as  the 
detsdls,  now  about  to  be  given,  were  of  incompleted  areas,  their  publication  was 
held  over  until  such  time  as  the  whole  area  between  Baigarh  and  Korba  could 
be  thoroughly  explored  and  described  as  a  united  coal-field.  Except  a  brief 
summary  in  the  Manual  of  Geology'  taken  from  the  following  notes,  nothing  has 
been  published  regarding  these  areas,  so  that  in  view  of  the  present  importance 
attaching  to  the  existence  of  coal  in  this  region  and  in  anticipation  of  future 
more  detailed  work,  it  is  thought  that  the  following  instalment  of  information 
may  be  of  value  as  it  serves  to  link  together  the  coal  measures  of  Sambalpur, 
Central  Sirguja,  and  Korba,  in  Bilaspur. 

Laikhanpur  Field. 

This  field,  as  at  present  known,  is  a  small  area  of  about  50  square  miles, 
situated  in  the  south-west  comer  of  central  Sirguja  and  to  the  south  of  the  Pilka 

hills. 

On  the  north  it  is  bounded  by  the  Pilka  fault,  described  in  the  Bisrampur 
report ;  on  the  north-east  by  metamorphic  rocks,  the  boundary  being  probably 
natural.  On  the  south-east  also  by  metamorphic  rocks,  the  boundary  being  here 
faulted ;  on  the  south  partly  by  metamorphic  rocks  and  partly  by  Talchirs  which 
connect  it  with  the  Bampur  field.  The  western  extension  has  not  yet  been 
examined. 

Within  the  limits  of  this  area  there  are  no  hills ;  a  thick  covering  of  aUuvium 
obscures  all  the  rocks  except  in  the  river  sections,  of  which,  however,  there  are 
iortnnately  a  good  many. 

The  rivers  are  the  Ber  or  Arand  and  the  Goinghata  with  5  or  6  direct  and 
indirect  tributaries,  all  of  which  afford  sections. 

The  rocks  exposed  all  belong  either  to  the  Talchir  or  Barakar  groups,  there 
being  no  representative  of  the  upper  sandstones  found  in  this  area. 

Talchirs. — A  strip  of  Talchirs,  not  very  distinctly  seen,  occurs  on  the  north- 
east boundary  of  the  Barakars ;  the  only  clear  section  of  these  rocks  occurs  in  the 
Goinghata  west  of  the  Satpara  and  Mendra  road ;  they  consist  there  of  green 
sandstones,  shales,  and  the  boulder  bed. 

Some  Talchir  rocks  are  also  exposed  in   the  bed  of  the  Goinghata  near  the 

1  Raigarh  and  Hingir,  Rec.  Geol.  Sarv.  of  India,  Vol.  IV,  pp.  101  to  107  ;  Vol.  VIU,  pp. 
l02  to  121,  Vol.  X,  pp.  170  to  173,  Bisrampur  op.  cit.  Vol.  VI,  pp.  25  to  41. 
•  Part  I,  p.  207. 
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deserted  TiUage  of    Knkra,    their  relationship  to  the  Barakars  on  the  north  and 
south  I  had  not  time  to  ascertain. 

In  the  Ber  or  Arand  on  the  south-west,  Talchirs  crop  up,  and  passing  south- 
'wards  connect  this  field  with  the  one  further  south  (Bampur),  which  is  traversed 
by  the  higher  reaches  of  the  same  river. 

In  the  jungle  near  the  village  of  Mudesa,  east  of  this  field  a  small  outlier 
of  Talchirs  was  noted.     Its  limits  were  not  traced  out. 

Babakabs,  Ooinghata  section, — North-east  of  Mahadeopara  there  are  some 
slates  and  quartzites  appa  rentlj  of  snb-metamorphic  age.  South  of  these  there  is 
an  interval  through  which  the  fault,  already  mentioned,  probably  passes.  Nearly 
east  of  the  village  there  are  Barakar  sandstones  which  include  a  seam  of  carbo- 
naceous shale,  and  from  under  which  the  Talchir  rocks,  just  alluded  to,  crop  out 
and  continue  in  the  bed  of  the  stream  for  about  half  a  mile,  after  which  they  are 
again  covered  by  apparently  the  same  section  of  Barakars. 

The  repeated  seam  appears  to  contain  a  small  quantity  of  poor  coal,  after 
w^hich  there  are  two  seams  which  contain  carbonaceous  shale  only.  In  the  reach 
north-west  of  Parsori  there  is  a  seam  containing  about  3  foot  of  stony  but  burn- 
able coal.  The  base  is  hidden.  North  of  Ambera  there  is  a  scam  badly  seen 
in  the  bed  of  the  river ;  it  contains  at  least  2'  4!'  of  tolerable  coal. 

South  of  the  mouth  of  the  Khekra  stream  the  only  rocks  which  are  exposed 
are  sandstones  and  grits,  save  a  very  fine  trap  dyke  which  crosses  the  river  with 
a  strike  of  15^  N.  of  E. — 15°  S.  of  W.*and  maintains  that  direction  steadily  as 
far  as  the  Ber,  being  seen  in  all  the  intervening  streams,  but  not  in  the  inter- 
vening alluvium-covered  high  ground. 

Khekra  section, — ^In  the  Khekra  river  from  its  junction  with  the  Goin- 
ghata  to  the  point  north  of  west  of  Lapatra,  where  it  is  intersected  by  the 
l)Oundary  of  the  gneiss  there  are  exposed  a  few  sandstones,  the  trap  dyke,  and 
about  a  foot  of  coaly  shale. 

Ohandnai  river, — This  river  and  its  tributary,  the  Chulhot,  have  not  been 
plotted  in  detail  on  the  map.  Instead  of  the  peculiar  winding  courses  which  they 
follow,  they  are  represented  as  consisting  of  long  rectangular  reaches  and  bends. 
It  is  consequently  diflBcult  to  represent  faithfully  the  position  of  the  coal  seams. 

Between  the  mouth  of  the  Chandnai  and  the  village  of  Kutkona,  there  is  a 
much  broken  section  of  sandstones  in  which  three  outcrops  of  coal  seams  occur. 
In  the  first,  1'  6"  of  coal  is  exposed  ;  some  of  the  blocks  derived  from  it  consist  of 
very  good  coal.  Neither  of  the  others  are  of  very  promising  character,  but  the 
one  near  the  mouth  of  the.  Gumgara  is  evidently  of  some  size  and  may  contain 
good  coal,  though  it  is  not  now  exposed. 

Trap  occurs  in  the  bed  of  the  river  about  one-third  of  a  mile  from  Kutkona. 
Just  below  the  village  the  large  trap  dyke  mentioned  above  crosses  the  stream 
disturbing  in  its  passage,  but  not  to  a  detrimental  extent,  the  finest  coal  seam 
which  occurs  in  this  area. 

Where  most  clearly  seen,  this  seam  (the  base  being  hidden)  consists  of  about 
equal  parts  of  good,  fair  and  burnable  shaly  coal,  in  all  a  thickness  of  6'  6"  capped 
hj  a  massive  bed  of  about  d(y  of  sandstone. 
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Whether  the  position  of  the  dyke  is  coincident  with  a  fault  which  haa  flnng  the 
coal  on  the  south,  I  could  not  ascertain,  hat  even  if  it  has,  the  seam  in  all  pro- 
bahility  extends  throughout  a  considerable  area  on  the  north  and  west. 

The  branches  of  the  river  which  meet  close  to  this  traverse  a  broken  section  of 
sandstones  for  about  2  J  miles,  after  which  the  gneiss  rocks  come  in.  In  the 
eastern  branch,  near  the  village  of  Sirkotonga,  the  boundary  is  seen  very  clearly 
and  is  clearly  faulted.     In  the  western  the  boundary  is  completely  obscured  by 

alluvium. 

The  Ber  or  Arand  sectum. — In  the  Ber  river  west  of  Jamgula  there  are  some 
sandstones,  apparently  of  Talchir  age.  From  this  northwards  many  of  the 
reaches  expose  no  rocks  whatever;  but  those  which  are  seen  are  Barakar  sand- 
stones and  grits ;  they  are  for  the  most  part  horizontal.  The  above-mentioned 
trap  dyke  is  again  seen  in  the  bed  of  the  river  to  the  south-west  of  Bagdari. 

Should  coal  ever  be  required  in  this  neighbourhood,  I  think  there  is  a  good 
prospect  of  its  being  found  of  fair  quantity  and  quality  at  no  great  depth  and  in 
approximately  horizontal  beds. 

Borings  made  within  a  mile  radius  of  Ambera  and  Kutkona  would  probably 
give  a  fair  test  of  the  capabilities  of  the  area. 

Ba/m^r  Goal-field. 

The  area  for  which  the  above  name  is  proposed  is  bounded  on  the  north  by 
the  Lakhanpur  gneiss,  on  the  east  by  the  Mainpat,  on  the  south  it  passes  into  the 
Mand  area  described  below,  on  the  west  it  is  connected  with  the  great  area  of 
coal-measure  rocks  which  stretches  to  Korba. 

I  do  not  attempt  to  make  any  estimate  of  area,  as  my  observations  were  simply 
confined  to  the  vicinity  of  the  route-track  from  Lakhanpur  to  Matringa. 

Passing  west  and  south  from  the  Lakhanpur  granitic  gneisses,  which  ran 
under  the  sandstones  and  trap  of  the  Mainpat,  the  valley  of  the  Eer  or  Arand  is 
reached.  At  Patrapali,  west  of  Lakhanpur,  and  following  it  up  to  its  source,  the 
river  at  first  alternately  traverses  Talchir  and  Barakar  rocks  ;  but  in  the  highest 
reaches  the  upper  sandstones  are  exposed. 

Talchibs. — ^In  the  Arand  between  Chainpur  and  Jajgi  there  is  a  broken 
section  of  Talchirs  consisting  chiefly  of  sandstones  ;  shales  and  the  boulder  bed 
are  however,  not  absent.  Above  (i.e.,  to  the  sohth  of)  Jajgi  for  about  2  miles, 
no  rocks  are  seen,  but  beyond  IJbka,  there  are  some  Barakar  sandstones,  and  an 
indistinct  outcrop  of  Talchirs  (?)  appears  at  the  road  crossing  to  Lachmanganj. 
This  apparently  rests  on  some  quartzite  gneiss  which  strikes  into  the  bed  of  the 
river  a  little  further  on. 

For  6  miles  beyond  this  the  river  shows  no  signs  of  any  Talchirs,  but  it  is 
of  course  possible  that  some  may  exist  as  there  are  many  long  sand-covered 

reaches. 

South-west  of  Lipingi  there  are   Talchirs,   and  they  crop  out   at  widely 

separated  intervals  for  about  3  miles. 

The  boundary  of  the  Talchirs  strikes  the  river  again  a  little  above  its  junctioii 

with  the  Sagar  stream,  and  crosses  it  a  little  beyond  the  high  road  gh&t.     The 


i^^^^H 


PABT  2.]     ball:  Coal-bearing  rocks  of  upper  Ber  and  Mand  fiver%.  111 

Talchir  rocks  occur  from  this  point  for  about  a  mile  eastwards,  after  which  they 
axe  covered  by  some  sandstones  which  may  be  either  Barakars  or  upper  sand- 
stones.    This  point  remains  still  to  be  determined. 

Beyond  the  village  of  Kesma  again  Talchirs  (or  rocks  lithologically  so  like 
tLem  as  to  be  undistinguishable)  re-appear.  Fragments  of  coal  or  coaly  shale 
occur  sparingly  in  the  bed  of  the  river,  but  there  is  no  trace  of  Barakar  rocks  in 
tlie  main  stream  and  the  trap-capped  hills  on  either  side  of  the  valley  appear  to 
be  altogether  comprised  of  the  upper  sandstones,  so  that  I  am  inclined  to  believe 
that  the  coal,  &c.,  must  be  derived  from  layers  in  the  latter. 

BiiBAKABS. — The  first  or  most  northern  outcrop  of  Barakars  is  exposed  in  the 
z^ach  of  the  Arand  south  of  Ubka,  where  there  are  sandstones  resting  on  coaly 
shale.     Several  other  outcrops  occur  in  the  river  up  to  the  road  crossing. 

In  the  country  west  from  this  there  are  several  peculiarly  shaped  hills,  notably 
one  called  Bamgarh.  The  summit  of  this  hill  is  3,206  feet  above  the  sea.  The 
upper  portion  consists  of  a  massive  rectangular  block  of  the  upper  sandstones> 
'which  are  here  from  550  to  600  feet  thick ;  these  rest  on  a  pedestal  of  Barakar 
rocks,  the  highest  bed  of  which  is  a  coal  seam  containing  about  Al  6^*  of  rather 
stony  coal.  The  summit  of  the  hill  is  capped  by  trap.  Owing  to  the  antiquities, 
cave  temples,  &c.,  several  notices  of  it  have  been  published,  and  the  existence  of 
the  coal  seam  has  been  referred  to  by  Colonels  Ouseley^  and  Dalton.'  A  descrip- 
tion of  the  hill  has  also  been  published  by  the  present  writer.' 

Returning  to  the  Arand  section.  In  the  vicinity  of  Tunga,  there  are  some 
slabs  of  coaly  shale  which  appear  to  have  been  derived  from  no  very  distant 
source.  As  no  seam  appears  in  the  Arand  close  by,  it  is  probable  that  one  is 
exposed  in  some  of  the  tributary  streams,  possibly  the  G^ma,  as  some  fragments  of 
coal  shales  were  found  in  it.  I  had  heard  previously  from  the  Lakhanpur  Raja 
that  coaJ  did  occur  somewhere  in  the  neighbourhood  of  Tunga,  but  I  had  not  time 
to  hunt  up  all  the  surrounding  country. 

These  Barakars  continue  up  to  a  point  north-west  of  Lipingi,  but  there  is 
no  trace  of  coal.  Westwards  from  this,  the  same  rocks  were  traced  to  Lachman- 
ganj,  their  existence  under  the  alluvium  there  being  proved  by  the  debris  from  a 
well  in  the  compound  of  the  Raja's  shooting  lodge. 

Barakars  are  next  met  with  in  the  Arand,  south-east  of  Kumrewa.  They 
consist  chiefly  of  massive  f elspathic  sandstones  and  grits  often  much  iron-stained. 

In  a  reach  to  the  east-south-east  of  Sair,  there  is  a  seam  consisting  of  coaly 
and  carbonaceous  shale,  apparently  not  containing  any  good  coal.  This  is  the 
locality  marked  '  coal-field '  on  the  old  maps. 

It  is  probably  the  source  of  the  coaly  fragments  seen  in  the  bed*  many  miles 
northwards,  but  cannot  possibly  be  that  of  the  large  slabs  seen  near  Tunga. 
Shaly  fragments  of  coal  may,  I  believe,  be  carried  in  rivers  for  enormous  dis- 
tances ;  even  in  the  present  sluggish  state  of  the  river,  fragments  may  often  be 
seen  incessantly  rolling  over  and  over  along  the  bottom. 

^  J.  A.  S.  B.,  Vol.  XVII,  p.  66. 

»  Op,  cit..  Vol.  XXXIV,  pt.  II,  No.  1,  p.  24. 

*  Indian  Antiquary,  1873,  p.  243. 
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Sandstones,  as  before  mentioned,  oontinne  up  to  the  Sair  and  Kesma  gbit; 
west  of  the  river  they  extend  into  the  pecnliar  raviny  conntry  beyond  Sair. 

There  the  rivers  have  cut  down  to  a  considerable  depth ;  in  the  massive  sand- 
stones producing  a  perfect  maze,  very  difficult  to  traverse. 

A  locality  for  coal  on  the  Chomai  river  is  marked  on  the  map,  but  this  I  did 
not  visit. 

I  have  above  alluded  to  the  doubtful  character  of  the  sandstones  at  Kesma. 

Upper  sandstones. — ^West  of  the  Arand  valley  there  are  a  number  of  flat- 
topped  and  sharply  scarped  hills,  which  are  evidently  formed  of  sandstones  identi- 
cal with  those  of  the  Pilka  hills.  On  the  east,  too,  similar  scarped  faces  show 
under  the  trap  of  the  Mainpat.  The  first  locality  at  which  these  rook^  were 
actually  examined  was  in  the  hill  east  of  Kesma.  They  are  coarse  grits,  present- 
ing no  striking  contrast  in  lithologicaJ  characters  to  some  Barakar  rocks.  About 
3  miles  north  of  Matringa  the  Talchirs  are  covered  by  sandstones,  which  seem 
to  belong  rather  to  this  group  than  to  the  Barakars.  But  they  still  require  much 
close  examination. 

In  the  streams  which  constitute  the  head  of  the  Arand,  there  are  fallen  masses 
of  trap  and  laterite  which  have  been  brought  down  from  the  tops  of  the  hills. 

The  Matringa  gh&t  is  an  almost  sheer  descent  of  900  feet  into  Udepur.  At 
the  top  of  the  gh&t  there  is  laterite  in  situ,  and  below  it  a  succession  of  argillaceous 
shales,  and  pink,  white,  and  yellow  sandstones,  which  become  somewhat  pebbly 
'towards  the  base.  If  600  feet  is  added  for  the  thickness  of  the  sandstones  in  the 
hills  above  the  ghat,  then  we  should  have  a  minimum  total  of  1,500  feet  for  the 
thickness  of  this  group. 

Between  the  foot  of  the  ghftt  and  Amuldih  there  are  some  trap  dykes,  which 
are  probably  continuations  of  some  observed  in  the  Kairja  valley,  near  Bakulo,  by 
Mr.  W.  T.  Blanford. 

The  evidence  afForded  here  of  disturbance  of  the  coal-bearing  rocks  is  very 
strong,  there  being  a  difference  of  level  between  the  Barakars  and  Talchirs 
of  Sair,  <fec.,  and  those  of  Udepur,  in  the  Mand  section,  of  at  least  1,000  feet 

That  they  occupied  these  relative  positions  at  the  time  of  deposition  is  most 
difficult  to  believe ;  it  seems  much  more  probable  that  they  were  once  connected, 
and  that  the  difEerence  of  level  was  produced  subsequently,  possibly  at  the  period 
of  the  oatpouring  of  the  Mainpat  trap.  The  discovery  of  coal  measures  on  the 
Hazaribagh  plateau  has  already  pointed  to  the  probabiliiy  of  the  present  level  of 
the  plateaus  as  contrasted  with  that  of  the  surrounding  valleys,  being  at  least  to 
some  extent  due  to  local  upheavals. 

The  Mand  CoaUfield, 

The  connection  of  the  Udepur  coal-measure  (Barakar)  rocks  westwards  with 
the  great  spread  which  includes  the  Korba  field,  has  been  pointed  out  by 
Mr.  W.  T.  Blanford.  My  observations  were  confined  to  the  Udepur  area,  i.e., 
to  the  valley  of  the  river  Mand,  and  the  areas  to  the  north  and  east  of  it. 

This  is  a  very  irregular  shaped  area,  extending  from  north  to  south,  for  a  dis- 
tance of  35  miles.  On  the  north  it  is  connected  by  upper  (Hingir)  sandstones  with 
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the  Rampnr  field.  On  the  sonth  and  south-east  it  is  bonnded  by  Vindhjan  and 
metamorphic  rocks  which  strike  steadily  in  the  direction  of  Korba.  On  the  east 
the  coal  measure  rocks  are  covered  by  the  upper  sandstones,  and  it  is  uncertain 
whether  the  former  appear  in  the  valleys  beyond  the  ranges  formed  of  these 
sandstones.  On  the  north-east,  besides  the  overlapping  sandstones,  a  portion  of 
the  boundary  is  formed  of  granitic  gneiss  rocks. 

Talchibs. — So  far  as  is  known  at  present,  the  areas  of  Talchir  rocks  occurring 
in  this  field  are  of  small  size.  Proceeding  from  north  to  south,  the  first  Talchirs 
encountered  with  occur  detached  from  the  field,  in  the  valley  of  the  Kairja  river, 
north  of  Rabkob. 

In  the  section  north  from  Mirigurha,  granitic  gneisses  with,  for  the  most  part, 
an  E.  W.  strike,  occupy  the  bed  of  the  river  nearly  up  to  the  Kumhar  road- 
crossing  where  Talchirs  come  in.  These,  especially  the  boulder  bed,  continue  up 
to  half  way  between  Bajpar  and  Bakulo,  where  there  are  some  hills  of  yellowish 
or  grey  sandstone  which  seemed  to  be  of  Talchir  age. 

At  Rabkob  several  of  the  reaches  of  the  Hand  river  are  occupied  by  Talchirs, 
blue  and  grey  sandstones  and  the  boulder  bed. 

North-west  of  Rabkob,  in  the  valley  of  the  Samasota  (or  Gopal)  river,  there 
is  an  area  of  Barakar  rocks,  showing  evidence  of  extreme  disturbance.  On  the 
borders  of  this  there  are  some  outcrops  of  Talchirs,  and  in  the  centre  of  it,  at 
the  broken  crest  of  a  very  remarkable  anticlinal,  rocks  of  the  same  group  are 
exposed. 

From  this  to  the  south-east  comer  of  the  field  no  Talchirs  were  seen  in  the 
Maud  or  any  of  its  tributaries.  At  the  south-east  corner,  Talchirs,  resting  on 
granitic  gneiss,  crop  from  underneath  the  Barakars  ;  they  are  last  seen  in  the 
Sukia  stream,  and  consist  chiefly  of  shales  and  sandstones  with  imperfectly 
developed  boulder  bed. 

Babakabs  (Coal  Measubes)  :  Mand  River  section, — Passing  westwards  down 
the  river,  from  the  Talchirs  seen  near  Rabkob,  the  first  Barakars  met  with  occur 
in  the  reach  east  of  Saipur.  At  the  north  end  of  it  there  is  a  small  coal  seam, 
of  which  the  section  is  as  follows  : — 

Dip  6^  to  W.  N.  W: 

Coaly  shale,  about  ...  ...  ...  ■••  8' 

Parting...                 ...  ••.  ••«  ...  o 

Coaly  shale  and  coal  ...  .••  ...  V   4i 

Base  hidden. 

Beyond  this,  there  are  massive  beds  of  sandstones  and  grits  in  some  of  the 
reaches ;  in  others,  for  from  1  to  2  miles,  no  rocks  whatever  are  exposed.  Between 
this  and  Khargaon  there  are  two  or  three  outcrops  of  coal  and  coaly  shale,  but  no 
coal.  At  Khargaon  there  are  two  seams,  the  upper  containing  carbonaceous  shale, 
and  the  lower,  which  is  seen  under  a  massive  sandstone,  contains  I'i!'  shaly  coal. 
Half  a  mile  from  the  mouth  of  the  Saria  stream  there  are  several  seams  containing 
carbonaceous  shale  with  coaly  layers.     From  this,  for  3  miles,  there  are  only 
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a  few  outcrops  of  sandstones,  seyeral  of  the  reaches  being  filled  with  sand.  A  short 
distance  from  the  Kopa  river  there  is  a  seam  containing  a  foot  of  coaly  shale, 
base  not  seen.  Between  the  months  of  the  Knpa  and  Khanddhoa  there  are  two 
seams  of  grey  and  carbonaceous  shales  with  a  dip  of  about  10°,  to  S. 

A  similar  outcrop  is  seen  in  the  reach  west  of  Hathi.  After  this,  np  to  a 
point  1  mile  south  of  Dorki  there  are  only  a  few  outcrops  of  a  peculiar 
yellowish  and  grey  sandstone,  not  Talchir,  but    very  unlike    iypical  Barakar. 

Under  the  east  bank  close  by  there  is  a  seam  of  coal  shale,  and  poor  coal, 
the  latter  15  inches  thick.  The  base  of  the  seam  is  not  exposed.  Dip,  5^  north- 
east. After  this,  there  are  numerous  sandy  reaches  showing  only  rare  exposures 
of  sandstone. 

Below  Koraikela,  hills  consisting  of  the  upper  sandstones  abut  on  the 
river. 

From  this  to  the  boundary  formed  bj  Yindhyans  at  Daijari,  the  only  rockB 
seen  are  sandstones  occasionally  associated  with  shales,  which  latter  are  in  two 
cases  somewhat  carbonaceous. 

The  Yindhyan  and  gneiss  boundary  runs  with  the  last  reach,  and  in  one 
place  gneiss  is  exposed  in  the  bed  of  the  river.  '  This  boundaiy  did  not  seem 
to  be  faulted.  The  high  ridge  of  quartzites  probably  formed  the  boundaiy  of  the 
Barakars  at  the  time  of  deposition  exactly  as  it  does  now. 

Tributaries  of  the  Hand, — Above  Babkob  fragments  of  coal  were  found  in  the 
bed  of  the  Mand,  which  were  apparently  brought  in  by  some  of  the  small  southern 
tributaries. 

Kairja  river, — In  the  Kairja,  Barakar  rocks  ei^nd  for  about  three-fourths  of 
a  mile  from  the  mouth.  Near  the  base  there  is  a  seam  consisting  of  carbonaceous 
and  coaly  shale  with  thin  layers  of  coal.  The  boundary  appears  to  be  natural :  a 
boulder  bed,  possibly  of  Talchir  age,  rests  on  gneiss ;  but  there  is  also  some 
evidence  of  crushing  up  and  disturbance  at  the  junction. 

Samasota  river, — At  the  mouth  of  the  Samasota  (or  Gopal)  stream,  north-west 

of  Babkob,  there  were  abundant  fragments  of  coal,  which  proved  that  there  was 

an  extension  of  the  Barakars  in  that  direction.     The  section  in  fact  abounds  with 

coal  seams,  which  at  first  have  a  slight  rolling  dip,  but  evidence  of  disturbance 

soon  becomes  apparent,  and  the  river  g^ves  a  section  of  a  fine  anticlinal,  in  which, 

on  the  rise,  the  seanis  and  associated  sandstones  dip  at  angles  from  40°  to  55^,  to 

east.     From  underneath  these,  a  Talchir  boulder  bed  with  associated  shales  and 

sandstones  crops  out,  but  after  one-fourth'  of  a  mile  or  so  the  Barakars  re-appear ; 

but  the  fall  of  the  anticlinal  is  less  steep  than  the  rise,  and  the  dip  is  not  too 

great  for  the  working  of  some  of  the  seams.     The  following  is  a  list  of  the  seams 

seen  in  this  river ; — 

Ft.  In. 

lit. — Ffur  ooal  ander  massive  sandstone,  dip«  8^  north-west  .        .  13 

2nd, — Shaly  coal — seen 8 

Ft. 

8rd, — Shaly  coal  much  weathered 9 

Banked  with  sand,  not  exposed  .        .        •  .4 

Qood  bright  coal 3 

16 
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'    Base  not  seen,  dip  variable,  6°— 8°  to  West-SO^North 
and  North- West. 

4ih» — ^In  a  North- East  to  South- West  reach,  not  represented 

on  the  map. 

Ft.  In. 

Coal 8    4 

Ghrey  shale 6 

Coal  and  carbonaceons  shale  .....    1    6 

Grey  shale 1 

11     10 

Sandstone. 
Dip  North-Eadt. 

6ih. — A  fine  large  seam  exposed  on  the  sonthem  bank,  dip 
qnaqnaversaL 
Sandstone .20 

Seam — 

1.  Shaly  coal,  abont 2 

2.  Coal,  inferior,  but  burnable .        .  .    1   11 

3.  Qrey  shale  10 

4.  Flaky  coal  shales  with  irregular  coaly  layers  .    9 

6.  Coal,  good,  varies 16 

6.  Grey  shale 2    2 

7.  Same  as  5  S 

-^^       22      6 

Base  not  seen. 

Unless  there  be  coal  below,  I  do  not  think  this  seam  conid  be  worked  with  any 
eood  result.  This  seam  may  be  the  same  as  No.  3.  I  think  it  is,  for  No.  4  is 
repeated  in  ihe  next  reach ;  the  thickness  slightly  altered,  bnt  the  relative  position 
of  the  component  layers  the  same.  After  it,  there  is  a  long  south  to  north 
reach,  towards  the  end  of  which,  before  the  entrance  to  an  east  to  west  one  and 
then  continued  in  it,  there  is  the  following  remarkable  section,  showing  an  amount 
of  disturbance  unparalleled  in  those  portions  of  the  Sirguja  coal-fields  which 
haye  been  as  yet  examined ; — 

Ft.      In. 
1.  Sandstone  q.  p.       .        .        . 80    " 

(1)  2.  Setm,  dip  88''  East-North-East.— 

^  ^  Ft.    In. 

a — Coal,  good I 

5— Shale 8 

0 — Carbonaceous  shale,  with  coaly  layers  .    8      10 

d — Coal,  about     .....••    2 

9        10 

(2)  8.  Sandstone,  about ^ 

4.  Seam— 

Stony  and  shaly  coal  18  8 

5,  Sandstone ,        .        •  42 

(8)  6.  Seam,  dip  50**.— 

Coal  withe  arbonaoeous  shale  {Murting        .        ,.48 

Covered  •     •        •        .99 

14 
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Pfc.    In. 
7.  Sandstone       .        / 29        6 

(4)  8.  Seam — 

Coal  and  coal  shale,  mach  hidden 9       ^ 

9.  Sandstone 44       5 

(5)  10.  Seam— 

Coal  and  carhonaceoos  shale  frequent  partings,  but  mach 

of  the  coal  good 34        4 

Dip  b(f  faUing  to  45°. 

11.  Sandstone             89       0 

(6)  12.  Seam^ 

Concealed 23 

Flaky  coal 7      7 

30        7 

13.  Sandstone  51        0 

(7)  14.  Seam^ 

Coal  and  carbonaceons  shale  portions  good         .        .  20        7 

16.  Sandstone  * 75        0 

(8)  16.  8eam^ 

Poor  earthy  coal  and  carbonaceons  shale  seen     .  4 

17.  Sandstone  with  pebbles,  say         .....  50 

Total  .    517       7 


Talcliirs,  boulder  bed,  sbftles  and  sandstones,  in  a  nortb-wesfc  reach.  Barakars 
come  in  again  after  one-fourth  of  a  mile  or  so.  Close  to  the  bonndaiy  there  is  a 
seam  of  coal  and,  in  the  next  reach  one  with  a  dip  of  35^  to  N.  W.,  it  ia  15 
to  16  feet  thick,  and  is  of  very  variable  quality.  In  the  next  reach,  B.  W.,  there 
is  an  exact  repetition  of  the  section  on  the  other  side  of  the  Talchirs,  but  with  the 
dip  in  the  opposite  direction,  35**— 40®  W.  and  W.-N.-W.  changing  to  north 
towards  the  end  of  the  reach. 

In  the  next  long  north  to  south  reach  there  is  a  seam  of  4'  6*"  of  coaly  shab 
and  coal,  dip  15®  to  N.-E.  showing  a  complete  jchange  of  direction.  I  am 
not  sure  whether  this  is  a  repetition  of  one  of  the  above  seams.  Another  seam 
is  seen  in  the  next  reach  after  which  the  sandstones  again  resume  their  horizontal 
position,  and  the  same  bed  may  be  traced  for  a  considerable  distance. 

Strong  nests  of  coal  occur  in  some  of  these  sandstones. 

A  fe97  reaches  further,  there  is  a  seam  at  least  10  feet  thick,  consisting 
of  the  same  flaky-looking  coal* 

A  short  distance  beyond  the  Boro  and  Jamungri  road  ghit  there  is  a  5  feet 
10  inches  seam  of  stony  and  shaly  coal ;  the  upper  half  contains  fair  coal ;  the 
dip  is  low  to  south-east,  but  the  beddiog  all  about  appears  to  be  very  irregular. 

Another  seam  in*  the  next  reach  is  seen  on  the  Boro  side.  It  contains  about 
10  feet  of  lahaly  coal,  a  portion  of  which  has  been  on  fire,  though  it  contains  much 
impurity ;  a  fresh  fracture  shows  a  fair  proportion  of  bright  layers.  Beyond 
this,  there  was  still  evidence  of  seams  occurring  in  the  higher  reaches. 

Between  Tuludha  and  the  Samasota,  vid  the  Jamungri  road,  there  are  several 
outcrops  of  Talchirs  and  gneiss,  whil^h  afford  further  evidence  of  the  disturbance 
and  disruption  of  the  beds  in   this  neighbourhood,   and  render  it  extremely 
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doubtful  what  the  extension  of  the  seams  in  a  western  direction  may  be.  Should 
it  ever  be  required  to  seai*ch  for  coal  here,  I  would  recommend  the  vicinity  of 
Boro,  east  round  to  south  at  a  distance  of  about  half  a  mile,  as  the  most  favourable 
for  making  trial  borings.  The  evidence  of  extensive  disturbance  of  the  seams, 
and  consequent  difficulty  of  working  them  in  the  countiy  between  the  Boro  hill 
and  the  Hand,   would  render  it   less  desirable  to  test  that  area  in  the  first 

instance. 

Meria  Kota  stream, — In  the  Meria  Kota  stream  beyond  the  first  tributary, 
there  is  a  seam  of  poor  coal,  of  which  6  feet  is  exposed,  dip  to  north-east.  The 
same  seam  is  again  seen  further  on,  where  it  shows  a  thickness  of  about  8  feet. 

Some  distance  beyond  two  small  waterfalls,  there  is  a  seam  with  a  dip  of 
30°  north.  It  is  faulted  against  a  bed  of  sandstone.  Close  beyond  is  a  seam 
(possibly  the  same)  with  a  dip  of  8°  north-east  It  does  not  contain  any  conti- 
nued thickness  of  good  coal,  being  much  parted  by  shaly  layers.  This  is  followed 
by  another  seam  of  about  6  feet  with  a  dip  of  10°  to  east.  The  coal  is  for  the 
most  part  flaky  and  inferior,  kt  the  east  to  west  boundary,  west-south-west 
of  Jamungri  I  saw  no  traces  of  coal  from  the  higher  parts  of  the  stream,  though 
it  is  probable  that  some  of  the  Boro  seams  may  extend  thus  far  eastward.  At 
the  same  time,  it  may  be  that  the  Barakars  are  covered  up  within  a  short  dis- 
tance of  this  by  the  higher  sandstones  and  grits. 

In  the  stream  which  rises  near  Jamungri  I  commenced  to  examine  south-west 
of  the  village.  Sandstones  and  grits,  apparently  Barakars,  continue  for  more 
than  a  mile.  Then  Talchirs  from  the  eastern  boundary  occupy  the  bed  of  the 
river  for  a  few  reaches,  after  which  it  runs  in  a  deep  gorge,  which  it  has  cut  for 
itself  in  massive  sandstones.  As  represented  on  the  map,  this  river  has  the 
unusual  feature,  for  one  in  a  rocky  country,  of  having  two  mouths  whereby  its 
waters  join  the  Samasota.  The  explanation  is  that  the  narrow  gorge  being 
unable  to  carry  off  at  times  the  whole  of  the  water,  the  surplus  finds  a  passage 
for  itself  by  a  northern  outlet.  I  did  not  see  any  seam  in  this  stream,  but  frag- 
ments of  coal  occur.  Rolled  fragments  of  gneiss  abound,  being  brought  in 
by  the  eastern  tributary. 

VduXha  river. — The  river  south  of  Ududha  (Hudhuda  of  the  map)  traverses 
deep  gorges  cut  in  massive  sandstones.  South-west  of  the  village  there  is  a  seam 
of  which  the  top  only  is  exposed.  At  the  highest  point  examined,  a  little  north 
of  west  of  the  village  there  were  still  fragments  of  coal  brought  from  higher 

reaches. 

Scma  river. — ^In  the  Saria  river  a  little  beyond  the  road-crossing,  there  are 
two  seams  of  carbonaceous  shale  with  coaly  layers. 

For  several  miles  sandstones  only  are  seen ;  they  show  more  tendency  to  roll 
than  is  common  in  other  parts  of  the  area ;  the  prevailing  dips  are  6° — 10°  to 
west  and  south-west. 

North  of  the  village  of  Konda  there  is  a  seam  containing  a  few  inches  of 
ooal  in  the  exposed  part.  In  an  east  and  west  reach  higher  up  the  stream  there 
is  a  seam  which,  in  addition  to  carbonaceous  shale,  contains  about  3'  6"  of  flaky 
coal. 
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A  short  distance  beyond  this,  there  is  another  badly  seen  seam  containing, 
apparently,  several  feet  of  coal  mixed  with  shale. 

At  the  Baisi  and  Ambgaon  ghit  and  for  some  distance  np  and  down  stream  & 
nearly  horizontal  seam  paves  the  bed  of  the  stream ;  it  contains  some  good  coal, 
bnt  the  whole  thickness  of  the  seam  does  not  apparently  exceed  5  feet.  Between 
this  and  the  Doridih  and  Ambgaon  gh&t  there  are  no  outcrops  visible ;  bnt  frag- 
ments of  coal  occTir-  brought  down  from  above.  South  of  Potia  there  are  sand- 
stones which  are  probably  Barakars. 

flffmi  river, — About  \  a  mile  from  the  junction  there  are  two  seams  of  ooalj 
shale  with  much  carbonaceous  shale,  neither  of  any  use.  A  little  further  on  there 
is  a  seam  with  a  dip  at  first  to  the  west,  afterwards  changing  to  12^  soath.  It 
contains  about  15'  of  grey  and  black  shales,  and,  in  one  place,  a  band  of  rather 
less  than  a  foot  of  fair  coal.  The  same  seam  shows  at  intervals  for  a  considerable 
distance.     I  did  not  examine  beyond  the  Chithra  and  Simipali  gh4t. 

Kopa  river, — From  the  mouth  up  to  Chithra  the  rocks  are  for  the  most  part 
covered.  Near  the  mouth  of  a  small  stream,  which  joins  the  Kopa  south-west 
of  Chithra,  there  are  three  seams  of  from  2' — 3*  each ;  they  contain  ooal  of 
fair  quality  mixed  with  carbonaceous  shale.  The  dip  of  the  first  is  17^  to  west, 
but  the  third  rests  on  a  sandstone  which  is  locally  tilted  to  35°  to  west. 

A  short  distance  beyond  the  southern  tributary,  there  is  a  seaut  of  rather 
more  than  3  feet  of  carbonaceous  and  grey  shales,  with  some  coaly  layers  towards 
the  base.  In  the  reach  entered  by  the  next  northern  tributary,  there  is  a  con- 
siderable seam  of  carbonaceous  shales,  but  no  coaJ.  Beyond  the  Kodardih  stream 
there  is  a  seam  of  carbonaceous  shale  3'  8^  dipping  at  5°  to  south-south.west, 
bu^  no  ooaL 

Beyond  this  up  to  the  Bartapali  crossing  I  saw  no  seams,  the  river  for  the 
greater  portion  of  the  way  being  in  a  deep  gorge  of  massive  horizontal  sand- 
stones. 

The  last  seam  but  one,  mentioned  above,  is  apparently  one  alluded  to  bj 
Mr.  W.  T.  Blanford ;  ^  it  rolls  a  good  deal  and  is  of  uncertain  dip,  but  I  saw  no 
sign  of  coal  in  it 

Khanddhoa  nwcr.— North  of  Hathi  is  a  seam  close  to  the  road  ;  it  consists 
of  18'  of  slightly  cdaly  shale  with  a  dip  to  south  of  about  8^ 

About  2J  miles  beyond  this  there  is  a  seam  with  about  10^  of  coal  towards 
the  base,  the  upper  part  consisting  of  grey  carbonaceous  shales,  dip  5°  to  west 
In  the  interval  between  these  there  are  massive  sandstones  and  two  or  thiee  out- 
crops  of  carbonaceous  shale,  but  no  coal. 

Beyond  this  there  are  several  repetitions  of  the  same  seam  and  several  outcrops 
of  carbonaceous  shales.  At  the  road  crossing  between  Nouapara  and.  Jogra  there 
is  a  seam  containing  less  than  a  foot  of  inferior  coal  with  a  slight  rolling  dip  to 
south. 

Kurja  river, — In  the  stream  north  of  Pori  there  is  a  seam  containing  1  foot 
of  inferior  coal  much  mixed  with  shale,  dip  3°  east.  Before  it  waa  reached  a 
number  of  transported  slabs  of  coal  with  shale,  generally  12"  thick,  were  fonnd 
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lying  in  the  stream.  I  can  scarcely  believe  tliat  tbey  were  derived  from  ttis  seam, 
as  they  appear  to  be  of  much  better  material  than  what  is  seen  in  situ,  but  I  did 
not  see  any  traces  of  coal  of  similar  character  in  two  reaches  farther  west,  which 
Tvere  the  limit  of  my  examination  in  that  direction. 

Baghoud  river. — From  the  month  to  the  village  of  Galimar  the  ^aghond  only 
rIiows  sandstones  and  shales  ;  some  flakes  of  carbonaceous  shale  occur,  but  none 
in  situ.  The  upper  part  of  this  river  as  also  of  most  of  the  foregoing  one  tra- 
verses the  upper  or  Hingir  sandstones, 

Bendo  river. — In  this  river  there  a^e  several  outcrops  of  carbonaceous  shale 
bat  no  coal. 

Jhampi  Wt?er.— In  this  river  the  rocks  exposed  by  the  section  are  red,  yellow, 
and  white  sandstones ;  no  trace  of  coal  or  carbonaceous  shale.  I  am  inclined  to 
believe  that  all  these  belong  to  the  upper  groi^p. 

Kurhet  river. — For  half 'a  mile  from  the  mouth  no  rocks  are  seen ;  afterwards, 
towards  the  top  of  the  first  reach,  there  are  coarse  sandstones  and  grits  similar 
to  those  in  the  Mand.  Beyond  this  the  river  exposes  Talchirs.  The  masses  of 
coal  seen  in  the  bed  are  derived  from  seams  in  the  Baigarh  and  Hengir  field,  which 
are  traversed  by  the  higher  reaches  of  the  river. 

In  reference  to  the  eeonomio  prospects  of  this  valley,  I  am  distinctly  inclined 
to  regard  them  favourably.  While  it  must  be  admitted  that  the  majority  of  the 
seams  which  have  been  examined^  as  they  happened  to  be  exposed,  do  not  dis- 
close coal  useful  in  quantity  and  quality,  it  should  be  remembered  that  the  sec- 
tions are  much  covered  and  the  disturbance  of  the  beds  (excepting  in  the  few 
noted  instances)  has  not  proved  sufficient  to  give  anywhere  a  complete  section  of 
the  Buooession  actually  existing. 

In  some  cases  it  is  possible  to  trace  the  same  bed  of  horizontal  sandstone  for 
several  miles.  The  area  being  in  the  centre  of  the  basin  there  is  a  good  pros- 
pect of  boring  proving  the  existence  of  valuable  seams. 

Upper  or  Hingir  Sandstones. 

On  the  northern  and  for  a  considerable  portion  of  the  eastern  boundary,  the 
Barakar  rocks  are  covered  up  by  the  upper  sandstones.  The  peculiarities  of 
the  Matringa  gh&t  section,  alluded  to  below,  afford  evidence  of  great  disturbance 
of  level  between  different  portions  of  the  coal-fields.  But  I  must  confess  myself 
not  prepared  at  present,  with  the  imperfect  data  which  I  possess,  to  attempt  an 
explanation  of  the  action  whieh  has  taken  place.  The  difference  between  the 
level  of  the  Talchirs  of  the  Arand  and  of  the  Samasota,  whether  produced  by 
flexion,  faulting  or  aboriginal  deposition,  amounts  to  from  900 — 1,000  feet.  In 
all  probability,  this  is  really  a  measure  of  the  subsidence  which  has  taken  place. 

North-east  of  Porea  there  are  sandstones  with  pebbles*.  These  appear  to  be 
more  common  at  and  near  the  base  of  the  hills  than  high  up  in  the  sections. 
The  Boro  hill  and  its  neighbours  are  composed  of  ferruginous  sandstones  and 
grits.  The  scarped  range  to  the  east  of  this  is  formed  of  similar  rocks,  but  less 
ferruginous  and  more  compact  They  are  split  up  into  angular  blocks,  in  sucH  a 
manner  that  at  a  short  distance  I  supposed  them  to  be  metamorphics. 

E 
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The  spnr  south  of  Balpeda  is  composed  of  sandstones  and  grits.  In  the 
streams  near  Jamnngri  there  are  some  sandstones  and  white  argiQaceons  rocks 
which  may  be  Barakars ;  bat  I  rather  incline  to  the  belief  that  thej  most  be 
included  with  the  upper  rocks.  The  range  east  of  Jamung^  is  formed  of  sand- 
stones and  grits,  south  and  east  of  which  metamorphic  rocks  come  in  and  bound 
the.  field  up  to  the  Sisringa^  plateau.  It  is  possible  that  there  are  sandstones  on 
this  plateau ;  but  the  first  place  in  .  which  I  again  met  with  them  was  in  the 
Ghoradah  hill ;  from  thence  the  boundary,  from  various  reasons,  is  very  indistinci, 
but  I  belieye  it  approximates  closely  to  what  is  represented  on  the  map,  ».e^  it 
runs  round  the  Enderkona  hill. 

The  hill  Ghoradah,  2,595  feet  or  some  1,500  feet  from  its  base,  is  formed  of 
sandstones  and  grits  capped  by  laterite.  All  the  hills  south  from  this  appear  to 
be  of  the  same  sandstone,  so  that  the  gneiss  boundary  must  be  thrown  consi- 
derably east  of  its  position  near  Babkob. 

Whether  gneiss  or  Barakars  occupy  the  valleys,  which  occur  further  east  of 
this  range  of  hills,  remains  to  be  seen.  It  is  probable  that  all  the  hills  and 
ranges  marked  with  distinct  scarps  are  formed  of  the  upper  sandstones. 

The  Enderkona  hill  is  formed  principally  of  a  pinkish  sandstone,  which  is 
scarped  similar  to  those  in  the  hills  further  north.  At  Kida  the  base  of  .the  hill 
is  formed  of  compact  purple  sandstone.  Bound  the  base  of  Enderkona  hill  the 
boundary  runs  to  Aghori,  and  from  thence  to  the  hills  below  Gumar,  which  touch 
the  Mand,  and  are  continued  again  on  the  western  bank. 

The  river  south  of  Taraikela  exposes  red  and  yellow  sandstones  with 
occasionally  white  grits  ;  some  of  the  former  contain  red  jasper  pebbles. 

The  high  ground  south   of  Taraikela  is   formed  of  ferruginous  sandstones, 

grits  and  shales,  with  bands  of  iron-stone.     From  thence  to  Kataipali  the  bound- 

.  ary  of  these  upper  rocks  has  been  roughly  traced  in  that  neighbourhood ;  they  lap 

over  on  to  the  Talchirs.     Their  further  eastern  extension  from  this  was  not  traced. 

Sufficient  has  been  said  above  to  show  how  complete  the  unconformity  of 
these  rocks  is  with  respect  to  the  older  formations,  and  yet  the  difficulty  of 
separating  them  from  the  underlying  Barakars  in  some  sections  is  excessive. 
Taken  as  a  whole,  their  lithological  characters  and  the  absence  of  coal  are  such 
as  to  justify  their  abstraction  from  any  close  connection ;  bu,t  individual  beds 
often  present  the  very  strongest  resemblance  to  certain  grits  and  sandstones  of  the 
Barakars.  In  all  these  particulars,  as  well  as  in  their  physical  characters,  they 
present  much  similarity  to  the  grits  of  the  Kajmahal  hills. 

I  have  often  been  struck  with  sections  especially  round  the  MainpILt  and 
neighbouring  ^dts  as  being  exact  repetitions  of  some  I  examined  in  the  Bajmahal 
hills.  Here  as  there,  there  are  massive  distinctly  scarped  sandstones,  which 
rest  indifferently  on  Talchirs,  Barakars  or  gneiss,  and  are  covered  by  trap  and 
massive  laterite. 

Since  the  above  was  first  written,  these  upper  (Hingir)  sandstones  have  in 
part  been  identified  by  their  fossil  contents  with  the  Kamthi  group,  but  represen- 
tatives  of  higher  Gondwana  groups  are  also  very  possibly  present  too. 

1  A  village  close  to  east-by-north  of  Choimati  sammit. 
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Vindhyans, 

It  has  been  mentioned  above  that  the  coal-bearing  rocks  are  cut  off  on  the 
south  by  a  ridge  of  rocks  of  Vindhyan  age.  These  consist  of  quartzites  and 
quajizitic  sandstones. 

At  intervals  granitic  gneisses  intervene  along  the  boundary. 

The  quartzites  are  first  met  with  on  the  west  bank  of  the  Hand,  opposite  Ero ; 
there  they  form  a  succession  of  high  ranges,  often  with  steeply  scarped  sides.  The 
strike  of  these  hills  corresponds  with  that  of  the  boundary,  and  indeed  of  the 
river  itself,  for  2  miles.  Below  Daijari  the  boundary  is  suddenly  deflected  to 
the  east)  which  direction  it  maintains  fof  several  miles,  and  then  it  strikes  in  the 
direction  of  Sambalpur. 

The  observations  hitherto  made  on  the  metamorphio  rocks  are  too  scattered 
and  detached  for  special  record.  It  will  be  an  interesting  task  to  trace  the  origin 
of  the  gold  which  is  found  in  the  old  alluvial  deposits  of  the  tract  which  extends 
between  the  Hand  and  Ebe  rivers.  As  these  deposits  lap  round  a  central 
group  of  metamorphic  rocks,  the  existence  of  auriferous  quartz  reefs  in  them 
may  very  possibly  be  hereafter  proved. 


Report  on  the  Pench  River  coalfield  in  Chhindwdra  District y  Central  Provinces^  hy 
W.  T.  Blanford,  F.R.S.,  Senior  Deputy  Superintendent,  Geological  Survey  of 
India}     {With  a  map,) 

The  coal  seams  described  in  the  following  pages  occur  at  a  distance  of  from 
1 2  to  20  miles  north-north-west  and  north-west  of  the  station  of  Chhindwdra,  in 
the  Central  Provinces,  and  in  the  neighbourhood  of  the  river  Pench,  a  tributary 
of  the  Kanhdn  river  and  ultimately  of  the  Godavari.     The  occurrence  of  coal  at 
one  of  the  localities,  Barkoi,  has  been  known  for  some  years.     It  was  first  dis- 
covered about  1852,  and  was  mentioned  by  the  late  Mr.  Hislop   in   a  paper 
published,  in  1855,  in  the  Quarterly  Journal  of  the  Geological  Society  of  London 
The  country  was  roughly  mapped,  both  geologically  and  topographically,  by 
Mr.  J,  G.  Medlicott,  of  the  Geological  Survey  of  India,  in  1856,  and  the  tract  in 
which  coal  seams  have  now  been  discovered  is  shown,  in  the  map,'  to  be  formed 
of  the  rocks  of  the  Indian  coaJ  measures,  or  Damuda  series  of  the  Survey  classi- 
fication.    Mr.  Medlicott's  survey  was  necessarily  merely  general,  and  could  not 
comprise  the  search  for  outcrops  of  coal,  a  task  involving  the  examination  of 
every  stream  and  nala,  of  every  hill  side  and  every  field.     The  utmost  that 
conld  be  done  was  to  define  the  area  in  which  such  a  search  could  be  carried 
on  with  a  chance  of  success. 

>  The  trial  borings  in  the  Shahpnr  coalfield  having  proved  very  unpromising,  the  prospect  of 
a  coal  supply  in  this  region  turns  to  the  Pench  river  field,  some  85  miles  to  the  cast  on  the  same 
(southern)  border  of  the  S^tpura  basin  of  Gondw&na  rocks.  As  a  good  indication  of  what  is  to  be 
expected  there,  Mr.  Bhuiford's  report  (written  16  years  ago)  is  published  in  anticipation  of  the 
detsdled  survey  to  be  shortly  undertaken.  The  line  of  localities  marked  on  the  annexed  map  suffi- 
ciently indicates  the  position  of  the  coal  measures. 

s  Memoirs  of  the  Geological  Survey  of  India,  VoL  II,  part  2. 
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In  the  present  instanoe  there  seems  to  have  been  nnnsnal  nnwillingness  or 
apathy  on  the  part  of  the  natives  of  the  district,  who  alone  conld  effectnallj 
search  for  ontcrops  of  coal  seams,  in  famishing  information  of  their  existence. 
Officer  after  officer  has  been  compelled  to  report  his  inability  to  ascertain  the 
existence  of  any  other  coal  in  the  district  than  the  Barkoi  seam,  and  it  was 
ultimately  by  accident  that  Major  Ashbnmer,  the  present'  Deputy  Commissioner 
of  Chhindw^ra,  became  acquainted  wiiii  the  occurrence  of  the  mineral  at  Sirgoriy 
and  following  up  the  discovery  most  energetically,  succeeded,  in  the  short  space 
of  three  months,  in  ascertaining  its  presence  in  the  several  places  mentioned  below. 

I  am  happy  to  report  that  I  have  been  able  to  form  a  highly  favourable 
opinion  of  the  coal  and  of  the  facilities  for  working  it  which  are  presented  by  its 
mode  of  occurrence. 

Before  proceeding  to  describe  the  several  outcrops  in  detail,  it  may  be  useful 
to  mention  briefly  the  peculiar  topographical  and  geological  characteristics  of  the 
tract  in  which  they  occur.  Upon  the  former  depends  the  facility  or  difficulty  of 
communication  with  adjoining  districts,  and  upon  the  latter  the  existence  and 
area  of  the  coal  field. 

To  the  north  of  the   Ghhindwdra  district  lies  the  flat  open  valley  of  the 
Physical  geography  of  Chhind-      Narbada,  to  the  south  are  the  broad  plains  of  l^ig- 
wara  DiBtrict.  -pjoj^^  watered  by  the  tributaries  of  the  Gt>d^vaci ; 

these  areas  are  approximately  at  the  same  level,  about  1,000  feet  above  the  sea. 
They  are  separated  by  a  tract  of  much  higher  country  averaging  at  least  2,500 
feet  and  being  part  of  a  belt  which  may  be  considered  to  stretch  nearly  across 
India  dividing,  in  the  west,  the  watershed  of  the  Narbada  from  that  of  the  Tapti ; 
in  Central  India,  intervening  between  the  Narbada  and  the  feeders  of  the 
Goddvari ;  and  to  the  east,  separating  the  valleys  of  the  Son  and  other  affluents 
o:  the  Ganges,  from  the  tributaries  of  the  Mah^nadi  and  other  rivers  of 
Orissa.  In  the  country  between  the  Narbada  and  the  Wainganga,  this  belt 
is  about  80  miles  broad,  the  notlhern  portion  consisting  of  massive  flat-topped 
hills,  intersected  by  deep  ravines,  all  covered  by  dense  jangle  traversed  by  very 
few  roads,  and  very  thinly  populated.  The  southern  portion,  which  is  the  true 
dividing  ridge,  is  far  less  irregular,  and  in  most  parts  consists  of  a  broad 
undulating  table-land,  generally  fertile,  and,  in  many  places,  well  populated  and 
cultivated.  Upon  this  southern  portion  are  the  Civil  Stations  of  Betdl  and 
Chhindwdra. 

Although  a  very  considerable  proportion  of  this  belt  of  country  in  the  Betdl, 
Difitrihution   of  coal-hearing      Chhindw^ra,  and  Narsinghpur  Districts  consists  of 
rocks.  coal  measure  rocks    (Damuda),   these  are  chiefly- 

found  in  the  deep  valleys  and  on  the  sides  of  the  hills  of  the  wilder  northern 
portion.  Such  is  the  case  at  Mopdni,  on  the  Sitariva,  near  Narsinghpur,  and 
in  the  several  known  coal  localities  of  the  Tdwa  valley.  So  far  as  the  country 
has  been  hitherto  mapped,  the  only  coal  measure  rocks  known  to  occur  upon 
the  table-land  forming  the  southern  portion  of  the  belt  are  those  in  the  neigh- 
bourhood of  the  Pench  river,  in  which  the  seams  now  discovered  occur.    This 

I  That  is,  in  1866. 
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(nrciunstance  is  of  great  importance,  because  commuDication  with  tlie  country, 
either  north  or  south,  involves  onlj  the  descent  of  one  scarp,  while  from  all  the 
other  known  coal-fields  of  the  neighbourhood  of  the  Narbada,  commnnication 
with  the  south  involves  an  ascent  of  from  1,000  to  1,500  feet,  in  addition 
to  the  descent  of  the  southern  scarp.  The  distance  of  the  various  coal  localities 
from  Chhindwara  is  from  12  to  20  miles;  from  Chhindwdra  to  the  foot  of 
the  gh&t  at  Rdmakona  is  28  miles,  and  from  B&makona  to  N^gpnr  50,  total  90 
to  98  miles. 

The  general  geological  features  of  the  neighbourhood  of  the  Pench  river  coal- 
General  geological  Btracture  ^^^^  ^^7  ^  ™os%  gathered  from  Mr.Medlicott's 
of  Pench  river  coal-field  and  map.  The  following  brief  description  is  derived 
neighbourhood.  chiefly  from  the  map,  partly  from  my  own  obser- 

vations. The  country  north  of  the  station  of  Chhiudw4i*a  consists  of  metamor- 
phic  rocks,  which  extend  to  the  west  far  beyond  the  town  of  IJmrait,  and 
continue  for  about  10  miles  due  north  of  Chhindwara,  when  the  sandstones 
and  shales  of  the  Damuda  series  are  brought  in  by  a  fault  of  unknown 
dimensions,  but  undoubtedly  of  considerable  magnitude;  probably,  north  of 
Chhindwdra,  of  some  thousands  of  feet.  Upon  both  formations  indifferently  is 
a  great  spread  of  horizontally  or  nearly  horizontally  bedded  trap,  which  covers 
the  whole  country  further  east,  but,  to  the  west,  has  generally  been  cut  through 
by  river  valleys,  and  denuded,  so  as  to  expose  the  snbjacent  formations ;  caps  and 
patches  of  the  trap  remaining  here  and  there.  To  the  north  of  IJmrait,  between 
that  town  and  the  villages  of  Barkoi,  Butaria,  A;c.,  a  patch  of  trap  covers  a 
considerable  tract,  concealing  the  boundary  between  the  metamorphic  rocks  and 
the  Damudas,  and  trap  again  overlaps  the  boundary  north-east  of  Chhindwdra. 
From  a  few  miles  north  of  the  Pench  again  all  is  trap.  The  country  in  that 
direction  rises  into  a  great  table-land,  in  parts  as  much  as  3,500  feet  high. 

The  base  of  the  trap  is  extremely  irregular :  the  beds  have  been  poured  out 
npon  an  irregularly  denuded  and  uneven  surface  of  metamorphic  and  sedimen- 
tary  rocks,  and  masses  of  the  igneous  rocks,  filling  up  previously  existing  hollows 
in  the  older  formations,  occur  even  at  the  lowest  portions  of  the  country  now 
exposed*  Thus  trap  occurs  in  the  bed  of  the  Pench  river  in  two  places,  one 
north,  the  other  south  of  the  villages  of  Chenda  and  Digaw^ni.  Trap  dykes  in- 
tersect the  sedimentary  and  metamorphic  rocks  in  places,  but  they  do  not  appear 
to  be  very  numerous,  nor  to  affect  the  quality  of  the  coaL 

Besides  the  Damuda  or  coal  measure  sandstones  and  shales,  I  found  a  con- 
siderable portion  of  the  Pench  valley  to  be  occupied  by  rocks  of  a  very  different 
mineralogical  character,  thick  beda  of  deep-  red  clay  with  interstratifications  of 
coarse  sand  and  sandstone,  and  bands  of  nodular  limestone.  These  do  not  appear  to 
contain  coal,  and  their  appearance  strongly  recalls  that  of  some  beds,  which  I 
described  in  1860  as  the  Panchet  series,'  and  which  overlie  the  coal-bearing  rocks 

>  It  should  not  he  forgotten  that  thiB  paper  was  written  16  years  ago  hefore  Mr.  H.  B.  Medli- 
cott  had  classified  the  (Jondw^ba  ^eds  of  the  S^tpnra  region  and  hefore  anything  definite  was 
known  of  the  God^vari  Gondw&nas.  The  only  areas  of  these  rocks  that  had  heen  properly  sur- 
veyed were  those  of  the  Bamoda  yalley.  The  supposed  Panchets  doubtless  belong  to  a  much  lower 
horizon  and  are  in  all  probability  Motor. 
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of  the  Baniganj  field.  But  mj  time  was  too  limited  to  allow  me  to  inyestigate 
this  intricate  question,  and  my  attention  was  necessarily  chiefly  confined  to 
the  coal  beds. 

On  the  accompanying  map  (an  extract  from  sheet  No.  4  of  the  BeTeniie 
Villages  referred  to,  marked  Survey  of  the  Ghhindwira  District)  will  be  found 
on  map.  .  ^^   various  villages   referred  to  below   as  in  the 

neighbourhood  of  the  coal  outcrops.  The  majority  of  them  are  also  marked 
upon  the  map,  already  referred  to,  as  published  to  accompany  Mr.  Medlicoit's 
report  on  the  central  portion  of  the  Narbada  district.  These  villages  extend 
in  a  line  running  nearly  due  east  and  west  for  a  distance  of  about  16  miles. 

In  describing  the  localities  in  detail,  I  shall  commence  with  those  farthest 
to  the  east,  and  proceed  regularly  westwards. 

J.  Sirgori  seam, — The  most  eastwardly  locality  in  which  coal  has  as  yet  been 
discovered  is  close  to  the  village  of  Sirgori,  and  nearly  a  mile  north  of  the  Pench 
river.  The  coal  was  found  in  a  well  sunk,  twelve  years  ago,  by  the  malguzar 
or  patel  of  the  village ;  and  this  circumstance  coming  accidentally  to  the  know- 
ledge of  Major  Ashburner,  led  to  the  discovery  not  only  of  this  seam,  but  of  all 
the  others  between  Sirgori  and  Barkoi.  Major  Ashburner  sank  a  shaft  by  the 
side  of  the  well,  and  at  the  depth  of  28  feet  came  upon  the  coal.  All  the  beds 
cut  through  were  of  sandstone,  coarse  or  fine ;  and  the  roof  of  the  coal  consists  of 

coarse  sandstone,  obliquely  laminated.    After  cut- 
Thickness  of  seam.  . .        •  x      .  t_  i  j.i.       o    *    x-        a 

ting  into  the  coal  more  than  o   feet;  water  came 

in  rather  rapidly,  and  the  shaft  was  stopped.     With  some  little  difficulty  from 

the  influx  of  water,  I  succeeded  in  digging  into  the  coaJ  further,  until  I  had 

reached  4  feet  9  inches  from  the  top  of  the  seam.     How  much  thicker  it  may 

be,  I  cannot  say.     The  whole  is  of  good  qualify,  perfectly  uniform,  without  shale 

partings. 

The  coal  burns  excellently,  and  leaves  a  considerable  quantity  of  perfectly 

^    ,.^     , ,,        ,  white  ash.     The  most  remarkable  point  about  this 

Quality  of  the  coal.  i--xjl.j        *-        •  -l  t  r^ 

coal  IS  its  freedom  from  iron  pyrites.     I  have  never 

seen  any  Indian  coal  which  appeared  so  little  impregnated.  This  is  a  most  vala- 
able  property— the  absence  of  pyrites  tends  to  ensure  the  coal  from  decomposition 
on  exposure  to  the  weather,  and  from  liability  to  spontaneous  combustion;  and  if 
sulphur  be  not  present  in  some  other  form,  it  especially  qualifies  the  coal  for  the 
manufacture  of  iron  and  for  forge  purposes. 

The  well  in  which  the  coal  was  found  is  just  south  of  the  larger  of  the  two 

Geological  character  of  neigh-  collections  of  houses  composing  the  village  of  Sir 
bonrhoodimdprobable  extent  of  gori.  These  two  portions  of  the  village  are  ftbout 
*®*™'  a  quarter  of  a  mile  apart,  the  larger  being  north-east 

of  the  other.  In  a  nala  between  them  fine  sandstones  are  exposed,  dipping  north 
about  5° ;  these  may  be  traced  beneath  the  north-east  portion  of  the  village,  and 
re-appear  on  the  low  hills  about  200  yards  east  of  the  well ;  dipping  at  that  spot 
north-north-west^  at  the  same  angle  as  before.  The  beds  thus  appear  to  be 
continuous  along  their  outcrop  for  a  distance  of  nearly  half  a  mile,  and  unless 
some  break  of  the  rocks  occur  inthe  ground  between  their  outcrop  and  the  welli 
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(of  which  I  could  trace  no  indication,)  the  coal  should  be  continuous  beneath 
them  throughout  that  distance  at  least ;  how  much  further  it  is  difficult  to  say. 
This  is  along  the  strike  of  the  beds  east  and  west.  Coming  up  the  dip  of  the 
beds  towards  the  south,  sandstones  and  shalj  beds  are  seen  with  the  same  north 
dip  in  two  or  three  places,  the  Aground  being  however  covered  thicklj  with  sur- 
face soil,  so  that  very  little  can  be  seen.  No  trace  of  any  outcrop  can  be  found, 
and  in  a  well  22  feet  deep,  just  south-east  of  the  smaller  or  south-west  portion 
of  the  village,  no  coal  was  found,  nor  yet  in  another  well,  about  200  yards  fur- 
ther west.  Yet,  if  the  coal  continued  at  the  same  dip,  its  outcrop  should  be 
either  at  these  wells  or  a  little  south  of  them,  and  in  either  case  some  indication 
of  the  coal  should  be  seen  in  them.  Its  absence  induces  me  to  believe  that  the 
coal  is,  in  aU  probability,  cut  off  by  a  fault ;  and  there  is  an  indication  of  such  a 
fault  in  a  small  nulla,  200  or  250  yards  south-east  of  the  shaft  in  which  the 
coal  is  seen.  This  fault  brings  coarse  grits  against  shaJy  sandstone,  and  it 
appears  to  have  an  east  and  west  direction  (perhaps  east-north-east  to  west- 
south-west,  a  common  direction  of  the  faults  in  this  country).  The  amount  aird 
the  direction  of  its  throw  are  quite  uncertain,  scarcely  any  rooks,  except  the 
overlying  trap,  being  seen  in  the  neighbourhood  to  the  south.  Borin(j^  is  very 
desirable  about  this  to  test  the  extent  of  the  coal,  which,  if  the  fault  be  a  down- 
throw to  the  south  of  no  great  amount,  would  be  found  on  the  south  side  of  the 
fault  within  a  depth  not  too  great  to  prevent  its  being  worked.  If  the  fault  be 
an  uptbrow  to  the  south,  the  coal  will  of  course  be  cut  out  in  that  direction. 

A  small  stream  runs  in  a  valley  north  of  Sirgori  village  (the  larger  portion), 
and  then  passes  east  of  the  village,  and  runs  southward,  passing  a  little  east  of 
the  shaft.  In  this  stream,  east  of  the  village,  and  about  200  yards  north-north- 
east of  the  shaft,  sandstone  is  seen  overlying  shale, — the  latter  very  carbonace- 
ous in  parts,  dipping  about  3°  to  north-north-west,  and  containing  fossil  plants. 
The  sandstone  differs  greatly  from  the  much  coarser  beds  immediately  overlying 
the  coal.  It  is  necessary  to  mention  this,  as  the  dark  shales  may  be  easily  mis- 
taken for  an  outcrop  of  coal,  and  it  might  be  thought  that  the  seam  is  here 
brought  to  the  surface  and  repeated  by  a  fault.  I  can  see  no  indication  of  such 
an  occurrence,  but  every  reason,  on  the  contrary,  for  believing  that  the  coal  un. 
derlies  all  these  rocks. 

Going  further  north,  the  beds  appear  to  dip  regularly  until  about  200  yards 
north  of  the  Tillage,  and  a  quarter  of  a  mile  from  the  shaft  where  there  may 
possibly  be  a  fault.  It  is  not  very  clearly  seen,  nor  can  even  a  guess  be  hazarded 
as  to  its  amount  or  the  direction  of  its  throw  ;  indeed,  it  is  not  certain  that  any- 
thing more  than  a  sharp  bend  in  the  rocks  exists,  and  of  course  it  is  quite  possible, 
and  even  probable,  that  the  coal  recurs  beyond. 

It  will  thus  be  seen  that  for .  at  leaet  half  a  mile  along  the  strike,  and  for 

nearly  as  great  a  distance  along  the  dip,  there  is  every  probability  that  this  seam 

is  continuous ;  and  it  is  in  the  highest  degree  probable  that  the  coal  will  be  traced 

Necessity  for  boring,  and  spots      far  beyond  these  limits  if  proper  boring  operations 

where  it  is  desirable.  ^^tq  carried  out.     Before  attempting    to  work   the 

coal,  a  few  preliminary  borings  should  be  made,  especially  in  the  direction  of 
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tbe  dip,  that  is,  north  and  sonth  of  the  well  in  which  coal  has  been  found.  These 
borings  are  needed  both  to  ascertain,  more  definitely  than  can  be  done  by  snrfaoe 
exploration,  the  extent  of  the  coal  seam,  and  also  to  prove  whether  its  thickness 
be  jDonstant, — seams  of  which  the  roof  consists  of  coarse  sandstone,  as  in  the  pre- 
sent  case,  being  sometimes  variable  in  thickness.  I  would  point  oat  as  one  place 
for  a  boring  the  spot  immediately  south  of  the  large  banyan  tree,  which  is  itself 
south  of  the  noHh-east  portion  of  the  village,  in  order  to  ascertain  if  the  coal 
approaches  the  surface  there.  Another  boring  should  be  made  150  or  200  yards 
north  of  the  well  in  the  low  ground  east  of  the  village. 

It  is  also  extremely  desirable  that  the  coal  should  be  at  once  sunk  througli 
in  the  shaft,  and  its^thickness  ascertained.     This  might  be  done  at  small  expense. 

It  has,  I  think,  been  clearly  ascertained  that  the  coal  at  this  place  is  snffi- 
Snmmary  of  prospects  of  the      ciently  thick  to  be  profitably  worked,  that  its  qnal- 
locaUty  for  coal-mining.  {^y  jg  good— in  some  respects  exceptioniJly  so— that 

the  dip  is  low  and  highly  favourable,  and  that  there  is  every  probability  that  the 
seam  is  continuous  over  a  sufficiently  large  tract  of  ground  to  repay  considerable 
outlay  in  starting  a  colliery. 

IL  Sirgori  seam  No.  2. — Up  the  little  stream,  already  mentioned  as  ranging 
north  of  the  village  of  Sirgori,  beyond  the  spot  where  indications  of  a  fanlt  are 
seen,  nothing  except  coarse  sandstone  is  met  with,  the  dip  of  which  is  doubt- 
ful. About  half  a  mile  west-north- w6st  of  the  village,  the  outcrop  of  a  second 
seam  of  coal  is  seen  in  the  nala,  dipping  north.  On  the  north  bank  of 
the  nala,  Major  Ashbumer  sank  a  shaft  to  a  depth  of  18  feet,  passing  tbrough 
the  seam,  which  was  3  feet  in  thickness.  The  shaft  passed  entirely  through 
shale  and  shaly  sandstone.  The  coal  was  mostly  extracted  in  large  slabs,  and 
these,  after  being  exposed  on  the  surface  for  three  months  in  the  dry  season, 
have  split  up  into  papery  layers^  to  so  great  an  extent  as  to  prove  that  the  coal 
is  ill  suited  for  carriage  to  any  distance,  and  very  liable  to  decompose.  It  is 
also  rather  shaly  and  impure ;  and,  considering  that  the  thickness  of  the  seam  is 
only  3  feet,  I  do  not  think  it  could  be  profitably  mined.  The  coal  bums  well, 
leaving  a  grey  ash,  and  appears  tolerably  free  from  pyrites. 

There  is  not,  so  far  as  I  can  see,  the  smallest  reason  for  supposing  this  seam 
to  be  a  repetition  of  that  seen  to  the  south ;  the  beds  do  not  roll  up  again,  and 
the  two  coals  differ  essentially  in  thickness,  mineral  character,  and  in  the  nature 
of  the  overlying  rocks. 

Some  shales  seen  in  the  nala,  just  above  this  spot,  are  so  fermginous  thft* 
they  might  be  used  as  an  iron  ore.  The  ferruginous  portion  does  not,  howerer, 
appear  to  be  of  any  great  thickness ;  all  that  was  seen  was  a  band  a  few  inches 
thick  and  somewhat  variable  in  the  proportion  of  iron  contained. 

in,  Ohenda  seam, — The  next  locality  to  the  westward  is  in  the  bed  of  ^ 
Pench  river,  4  miles  west  of  Singpri,  and  half  way  between  the  villages  of 
Chenda  and  DigawAni.  The  river  here  runs  from  north  to  south.  So  large  a 
quantity  of  the  mineral  is  here  exposed  in  the  bed  of  the  river,  that  it  is  rather 
remarkable  that  its  occurrence  should  not  have  been  before  noticed  ;  and  it  shows 
clearly  the  utter  indifference  of  the  natives  of  the  country  to  the  subject,  since 
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they  must  have  known  that  coal  was  worked  at  Burkoi,  only  10  miles  away, 
and  sufficient  powei:  of  inductive  reasoning  may  be  supposed  to  exist,  even  in 
the  minds  of  Gonds,  to  enable  them  to  see  that  the  two  minerals  are  identical. 
The  spot  was  shown  by  a  gwdla  to  Major  Ashbumer,  after  that  officer  had 
offered  a  reward  for  the  discovery  of  coal  elsewhere  than  at  Barkoi  or  Sirgori. 

The  spot  is  just  north  of  the  ford  in  the  Pench,  on  the  road  between  the 
villages  of  Ghenda  and  Digawdni.  About  half  a  mile  to  the  soiith,  trap  comes 
in,  both  in  the  river  bed  and  on  its  banks  :  to  the  south  of  the  trap,  near  the 
village  of  Dala,  metamorphic  rocks  occui*.  NoHh  of  the  trap,  for  a  considerable 
distance,  no  rocks  are  seen  ;  at  the  ford  the  deep  red  clays  and  white  sands,  to 
which  I  have  already  Ireferred,  ancTwhich  I  believe  to  belong  to  a  higher  series 
.of  beds  than  those  associated  with  the  coal,  are  seen  dipping  about  20°,  to  south 
\(f  west.  They  are  faulted  against  the  Damudas,  or  coal  measure  beds  close  by* 
and,  about  100  yards  north  of  the  fault,  coal  appears  on  the  east  or  left  bank  of 
the  river. 

At  this  spot.   Major  Ashbumer  has  made  a  small  cut  into  the  coal  to 

Section  of  seam  and  thickness      ascertain  its  thickness ;  this  cut  exposes  the  f ollow- 
of  coal.  ing  section  : — » 

Ft.      In.       Ft       In. 

Shale,  decomposed,  ahout 3        0 

Coal  ditto  10 

Slide 13 

Coed,  rather  shaly  in  pUices,  hnt  generally  of  fair  quality      7        0 
Shale,  in  parts  very  carhonaceoos  and  containing  layers  of 

good  coal      .        .        .        .' 2        0 

Coal  of  good  quality ^      .         .4         3 

16        6 


of  which'  12  feet  3  inches  consists  of  coal. 

Immediately  to  the  north,  a  trap  dyke,  running  east  and  west,  and  about 
30  yards  broad,  crosses  the  seam.  This  great  mass  of  igneous  rock  has  tilted 
up  the  seam  slightly  to  the  north,  but  does  not  appear  to  have  much  affected 
the  coal.  The  seam  re-appears  just  north  of  the  dyke,  dipping  north,  at  first  at 
an  angle  of  about  10°,  but,  immediately  beyond,  at  a  much  lower  dip,  varying 
from  about  2P  to  6°.  For  about  150  yards  from  the  dyke,  the  outcrop  of  the 
coal  seam  occupies  the  bed  of  the  river ;  then  massive  sandstone  comes  in,  appa* 
lently  brought  up  by  a  small  fault,  striking  nearly  east  and  west,  with  an 
upthrow  of  about  20  feet  to  the  north.  The  sandstones  dip  to  north- lO^^east  at 
about  5°,  and,  upon  them,  about  30  yards  further  the  coal  seam  re-appears  \  that 
is  to  say,  coal  of  great  thickness  comes  in,  and  it  has  every  appearance  of  being 
the  same  seam.  If  not,  two  very  thick  seams  must  here  occur,  one  above  the 
other,  and  separated  by  only  a  few  feet.  The  coal  seam  continues  to  crop  out  in 
the  bed  of  the  river  for  a  short  distance,  when  it  is  covered  by  the  overlying  trap, 
which  forms  both  the  bed  of  the  stream  and  the  hills  on  its  banks.  This  trap 
continues  for  a  considerable  distance  up  the  river. 
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The  acGompanjing  sketch  sectioii  will  aenre 
io  show  the  manner  in  which  Uiis  coal  seam  is 
exposed  in  the  Pench. 

On  the  east  bank  of  the  river  is  a  rich  allayial 
and  highly  cultivated  plain,  in  which  no  rockB  are 
seen,  until  hills  of  trap  rise  close  to  the  village  of 
Chenda,  half  a  mile  away.  To  the  west,  the  coal 
is  seen  in  a  small  nala,  about  150  yards  from  the 
bank  of  the  river.  The  spot  I  believe  to  be 
noHh  of  the  small  fault  mentioned,  as  repeating 
the  seam  in  the  river.  I  could  not  trace  the 
seam  further  west,  nearly  all  the  rooks  bdng  con- 
cealed by  euiiace  deposits. 

The  quality  of  the  coal  is  fair  thrDughout ;  tbe 

lower  4  feet  3  inches 
vena  1  y      c     .  seam,  especially,  being 

of  very  good  coal,  brighter  and  purer  even  than 
that  of  Sirgori,  but  containing  much  more  pyrites. 
It  bums  with  rather  less  flame  than  the  Sirgori 
coal,  and  leaves  a  grey  ash,  reddish  in  parts. 
The  smaller  quantity  of  flame  is,  doubtless  due 
to  the  Chenda  coal  being  taken  from  nearer  the 
surface,  and  partly  perhaps  to  the  vicinity  of  the 
large  trap  dyke  to  the  place  from  which  the  coal 
was  taken. 

Whether  this  coal  can  be  mined  profitably  or 

Mining  prospects  of  the  "^o*'  depends  upon  its 
locality.  contin nance  to  the  north 

under  the  overlying  trap,  and  this  continuance 
can  only  be  ascertained  by  mining  or  boring. 
Very  possibly  the  trap  is  of  small  thickness,  and 
in  that  case  the  coal  should  be  found  beneath, 
but  the  base  of  the  trap  is  too  irregular  for  any 
opinion  to  be  formed  of  its  thickness  from  surface 
examination. 

In  any  case,  however,  an  enormous  quantity 
of  fuel  could  be  quarried  from  this  spot,  for  quar- 
ries could  be  made  along  three  lines,  as  far  as  the 
outcrop  of  the  coal  extends — 

IsL — South  of  the  trap  dyke. 

2n(f.— North  of  the  trap  dyke,  and  sonth  of  the 

fault. 
Srd.— North  of  the  fault. 

No  quarries,  however,  should  be  made  alon^  the 
third  line,  especially  in  the  neighbourhood  of  the 
river,  if  deep  mining  to  the  north  be  found  prac- 
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ticable.  A  large  proportion  of  the  coal  would,  of  coarse,  be  inferior  and  chiefly 
Baited  for  local  parposes,  bat  the  lower  portion  of  the  seam  would  probably  be 
sufficiently  good  for  railway  locomotives,  and  would  bear  carriage  to  a  distance. 

Taking  the  whole  circumstances  into  consideration,  it  does  not  appear  to  me 
that  this  localily  is  so  promising  as  Sirgori.  At  the  Pench  there  is  probably 
a  thicker  seam  of  coal — ^indeed  the  thickest  as  yet  known  to  exist  in  Central 
India ;  the  quality  is  good,  and  the  dips  are  highly  favourable,  but  the  rooks 
appear  to  be  much  cut  up  by  faults  and  trap  dykes.  If  the  coal  is  to  be  mined, 
it  will  be  beneath  very  hard  trap,  entailing  some  expense  in  boring  and  shaft 
sinking,  and  the  quantity  of  water  met  with  is  likely  to  be  large.  But  if  the 
coal  does  continue  beneath  the  trap,  its  quality  will  assuredly  be  far  better  than 
in  the  section  now  exposed,  (provided  only  that  some  sandstones  or  shales  inter- 
vene between  it  and  the  trap,  which  is  probable,)  and  it  will  be  well  worth  the 
Locality  for  borings  to  prove  expense  of  a  few  borings  to  ascertain  this.  The 
eontinuation  of  coal.  ^^^  f^r  boring  would  be  in  the  bed  of  the  river, 

150  or  200  yards  north  of  the  place  where  the  coal  disappear  beneath  the  trap, 
and  at  the  base  of  the  hills  to  the  east  and  west  of  the  same  spot. 

IV.  Harrai  seam, — At  the  village  of  Harrai,  2  miles  south-west  of  Digawdni, 
coal  was  found  in  a  well  sunk  for  irrigation.  After  draining  the  well  of  water^ 
however,  we  found  that  mud  had  accumulated  to  so  great  an  extent  in  the 
bottom  as  to  conceal  the  coal.  There  would  have  been  considerable  delay  in 
clearing  this.  1  cannot,  therefore,  state  the  prospects  of  this  seam.  The  spot 
is  close  to  the  continuation  of  the  large  fault  already  noticed  in  the  Pench, 
which  brings  down  the  red  clays  and  their  associated  sands  and  limestones  in 
the  same  manner  at  Harrai  as  further  east. 

V,  Rdwamvdra  seam. — About  a  mile  north  of  the  last,  and  half  mile  south- 
west of  the  village  of  Bawanwdra,  the  following  section  is  exposed  in  a  nala:— - 

Ft.  In. 

Shaly  sandstone  4    0 

Fine  compact  sandstone 2    6 

Ft.    In. 
Coal  .,10 

Sandstone,  shalj  in  parts 13 

Carbonaceons  shale  and  coal 0      4 

Sandstone,  with  streaks  of  coal       ...•07 

Carbonaceous  shale  and  coal  ....        0      6 

Dark  g^y  carbonaceous  sandstone  ...        0      4 

Carbonaceous  shale 0      8 

Coal  2      4 

7    0 

Carbonaceous  shale         .- 0    6 

Grey  shale  (bottom  not  seen)  ......        2    0 

TOTIL         .         .        16     0 


Here  there  arc  only  3  feet  4  inches  of  workable  coal,  divided  mto  two  parts  by 
3  feet  8  inches  of  sandstone  and  carbonaceous  shale  with  threads  of  coal  in  places. 
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The  dip  at  tlie  outcrop  is  about  7°  to  the  north.  To  the  south  there  appears  to 
be  faulting,  and  the  underlying  rocks  are  not  seen.  On  the  west^  coarse  sand- 
stone  dips  at  15°  to  north- lO^-east,  while  to  the  north-^ast  sandstones,  overijing 
the  coal,  are  seen  nearly  horizontal. 

The  coal  appears  to  be  of  fair  quality,  but  has  not  been  cut  into.  A  smaU 
quantity,  dug  from  the  outcrop,  burned  well,  almost  without  flame,  and  left  a 
grey  ash.  The  seam,  however,  appears  too  thin  to  be  worth  working,  espedall/ 
in  the  neighbourhood  of  other  and  much  thicker  beds. 

VL  Bdwanwdra  seanif  No,  2. — About  a  mile  west  of  B&wanwara,  ooal  again 
crops  out  in  a  nala ;  the  precise  thickness  is  not  seen.  At  one  spot  there  is  only 
1  foot  of  coal  with  shale  above  and  below ;  dip  10**,  to  north- 20*^- west ;  30  or  40 
yards  further  west,  3  feet  of  coal  is  exposed,  divided  into  two  parts  by  about  2  feet 
of  shale ;  and  a  few  yards  further,  2  feet  of  coal  are  seen,  all  dipping  in  the  same 
manner  as  in  the  first  instance  mentioned.  The  two  latter  may  belong  to  the 
same  seam,  the  top  not  being  seen  in  the  latter  case,  and  neither  top  nor  bottom 
in  the  former.  The  whole  section  is  very  ill  seen  in  a  narrow  nala,  and  a  small 
shaft  on  its  north  bank  would  be  necessary  to  prove  the  thickness  of  the  coal 
seam,  its  quality,  &o.  So  far  as  I  could  judge,  the  seam  did  not  appear  to  be  of 
smy  great  thickness. 

VIL  Tarassia  seam. — The  next  place  examined  was  about  three-fourths  of  a 
mile  west-south-west  of  the  village  of  Parassia.  Outcrops,  apparently  of  the  same 
seam,  are  seen  in  three  places  within  a  few  yards  of  each  other.  No  clear  section 
is  exposed.  The  coal  dips  to  the  north,  and  appears  to  be  about  5  feet  thick,  bat 
it  is  so  crushed  and  decomposed  that  iiothing  can  be  clearly  made  out.  The  top  of 
the  seam  is  not  seen,  and  the  thickness  may  exceed  that  above  mentioned;  there 
is  much  appearance  of  faulting.  On  the  whole  the  conditions  are  not  promi8Ui& 
but  without  a  small  shaft  or  boring  on  the  north  side  of  the  nala,  nothing  can  be 
determined  with  certaintv. 

^^  • 

VIII.  BJiandaria  seam, — Bather  more  than  a  mile  south-west  of  Parassia, 
and  on  the  boundary  of  the  village  lands  of  Parassia  and  Bhandaria,  several 
small  seams  of  coal  are  seen  in  the  Gogra  nala,  dipping  about  10^  to  north-lu - 
west;  the  dip  becoming  more  westwardly  down  the  nala»  which  mns towards 
the  east.  The  section  is  rather  difficult  to  measure  exactly,  being  some^ 
broken.     It  appeared  to  be  the  following : — 

1.  Coarse  sbaly  sandstone many  feet 

rt.    In. 

2.  Shale,  top  not  seen     ,.....,  20 

Ft.  In. 

8.  Coal          «....,..  1  0 

4.  Sandstone  of  various  colours,  yellow,  red,  and  black  1  8 
£ .  Coal,  very  good  (the  base  is  concealed  by  gravdl,  | 

and  the  thickness  may  be  a  few  inches  more,  j  2  6 

but  only  a  few  inches).  ^  I 

6.  Sandstone 3  6 

7.  Carbonaceous  shale             0  8 

B,  Sandstone          .......  0  9 
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9.  CarbonaoeouB  shale 

10.  Coal^  very  good 

11.  Shale 

12.  Sandstone 
Id.  Coal  , 
14  Shale 


• 


Total 


Ft. 

Id. 

Ft.    In. 

0 

7 

8 

3 

0 

6 

0 

3 

0 

6 

15     2 

••• 

0    2 

17    4 

Or  the  coal  seam,  from  the  top  of  No.  3  to  the  bottom  of  No.  13,  measures  15  feet 
2  inches,  of  which  7  feet  3  inches  is  coal,  in  general  of  excellent  qnaliiy.  Just 
below  this  a  turn  in  the  nala  brings  in  the  thickest  seam,  No.  10,  again,  and  its 
thickness  is  correctly  seen  in  a  vertical  bank ;  it  then  consists  of — 

n.    In. 
Ko.  9    Shale 

r  Coal 10 

10 }  Shale 0      2' 

^Coal 3      6 


Total  .48 

The  difference  (1  foot  5  inches)  in  the  two  measurements  may  be  due  to  error 
in  measuring  a  broken,  ill-ezposed  seam  in  a  nala  in  the  first  instance,  or  to  the 
seam  having  thickened  in  the  interval,  about  30  yards ;  the  latter,  I  think,  the 
more  probable,  as  seams  like  this,  much  interstratified  with  beds  of  sandstone, 
are  generally  somewhat  irregular  in  thickness,  and  often  excessively  so.  Indeed 
the  whole  section  recalls  the  irregular  beds  of  the  western  portion  of  the  Baniganj 
coal-field  in  several  respects. 

Thirty  or  forty  yards  down  the  stream,  the  outcrops  of  two  other  small  seams 
are  seen,  but  neither  exceeds  18  inches  in  thickness.  They  are  beneath  the  above 
flection,  15  to  20  feet  of  sandstone  and  shales  intervening.  Ascending  the  nala^ 
also,  to  the  east^  and  20  to  30  feet  above  the  section  measured,  a  thin,  very  shaly 
fleam  ifl  met  with. 

Whether  this  locality  is  workable  or  not,  depends  mainly  upon  the  constancy 

Mining  praspecta  of  the  <>^  otherwise  of  the  seams  in  thickness,  which  must 
locality.  be  determined  by  boring  or  by  driving  galleries  on 

the  seam.  The  coal  appears  excellent ;  the  dips,  though  higher  than  in  some 
other  localities,  are  not  unfavourable ;  but  there  is  the  important  drawback,  that 
with  the  good  coal  a  considerable  mass,  equal  to  the  coal  in  bulk,  of  useless  rock 
intervening  between  the  seams  must  be  dug  out,  which  would  much  increase  the 
cost  of  working  the  coal. 

IX.  Bhutaria  xeom.— Close  to  the  boundaiy  between  the  viUage  lands  of 
Bhutaria  and  Bhandaria,  about  a  mile  west  of  the  former,  and  barely  half  a  mile 
eaat  of  the  latter,  is  the  next  locality  where  coal  has  been  found.  The  seam  dips 
to  the  southward  or  to  south-east  at  about  5°.  The  outcrop  is  obscure.  I  dug 
out  the  top  of  the  seam,  but  under  1  feet  4  inches  of  splendid  coal  I  found  a  thick 
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bed  of  shale,  very  hard  and  difficult  to  out.  After  sinkiDg  into  this  for  1  foot 
10  inches,  1  tried  another  spot,  a  few  yards  further  east,  where  the  coaJ  re-appeared 
in  the  nala,  though  the  top  was  not  seen.  Here  I  sank  a  small  hole  to  a  depth 
of  4  feet  6  inches,  without  reaching  the  bottom  of  the  coal.  Including,  therefore, 
the  aboyementioned  seam  of  1  foot  4  inches,  there  is,  at  this  spot,  a  minimum 
thickness  of  nearly  6  feet  of  coal.  It  is  of  fair  quality,  and  bums  well ;  but  the 
lower  portion  contains  a  great  quantity  of  iron  pyrites,  and  even  the  upper  I  foot 
4  inches,  when  burnt,  leaves  a  reddish  ash.  This,  however,  appears  to  be  the  only 
drawback.  Yeiy  little  can  be  made  out  in  the  adjoining  ground,  but  the  dip 
is  low  and  favourable. 

About  a  quarter  of  a  mile  to  the  east  in  the  same  nala,  the  top  of  an  outcrop 
perhaps  of  the  same  seam  can  be  traced  for  at  least  100  yards. 

X.  Barkoi  seam, — The  next  spot  to  the  west  is  Barkoi.  Here  alone  have  any 
workings  taken  place,  and  even  here  they  have  not  been  extensive,  consisting  of 
one  small  quarry.  The  opening  made,  however,  is  sufficient  to  enable  a  better 
judgment  of  the  characters  of  the  seam  to  be  formed  than  in  most  of  the  other 
places  mentioned. 

The  coal  was  first  observed  on  the  banks  of  a  nala  which  runs  from  north- 
east to  south. west,  just  south  of  the  northern  portion  of  Barkoi  village.  The 
quarry  is  north  of  the  nala,  and  exposes  the  following  section : — 

Ft.  Id. 

Earth  0    6 

Sandstone       ., 88 

Shale  (generally  decomposed) 6    9 

Pt.   lo. 
Coal,  decomposed  in  the  qnarry,  shaly  towards  the  top    2      4 
Shalcj  variable,  abont      •        .        -        .        .        .0      2 

Coal 6086 

Shale  becoming  sandy  below.  

19    0 


The  total  thickness  of  coal  is  thus  8  feet  4  inches,  but  the  uppermost  1  foot  or 
18  inches  and  the  bottom  1  foot  are  very  shaly,  and  there  appeared  to  be  about 
6  feet  of  good  coal.  In  the  quarry  as  at  present  worked,  there  is  less  than  this, 
for  the  upper  portion  is  too  much  decomposed  to  be  of  much  value,  and  not  more 
than  from  4  to  5  feet  of  marketable  coal  is  obtained.  None  of  the  coal  quarried 
can,  of  course,  be  equal  in  quality  to  that  which  would  be  obtained  if  it  were 
mined  from  a  greater  depth  below- the  surface.  The  dip  is  to  the  south-south* 
west,  and  does  not  appear  to  average  more  than  3°,  though  amounting  to  as 
much  as  5°  in  places. 

On  the  south  side  of  the  nala,  massive  felspathic  sandstones  overlie  the  ooal. 
Associated  rocks  and  geolo^-      They  can  be  traced  to  a  considerable  distance,  and 

cal  characters  of  neighbourhood,      are  well  seen  in  another  small  nala  to  the  south. 
Probable  extent  of  seam.  ^^^^^  ^^^  ^^^j^  ^^^  ^-^^^      rp^^  ^^  ^^^^    ^^^ 

coal  doubtless  crops  out  close  by  and  is  lost.     There  is  no  indication  of  its  recur* 
rence  in  this  direction,  though  the  beds  roll  and  are  unsteady  in  .their  dip. 

To  the  west,  or  rather  south-west,  down  the  little  nala,  the  coal  can  be 
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traced  for  a  short  distatice,  and  about  150  yards  below  the  quarrj,  north-west^ 
Mr.  Adams,  the  agent  in  charge,  sank  a  small  pit  at  mj  snggestion,  and  came  npon 
coal  at  the  depth  of  7  feet ;  this  gives  a  fall  of  about  20  feet  in  150  yards ;  but  as 
the  direction  of  the  nala  is  not  quite  the  same  as  the  dip  of  the  coal,  the  latter 
being  more  to  the  south,  the  inclination  is  in  reality  rather  greater.  To  the 
east  and  north-east,  the  coal  can  be  tl'aced  for  some  distance.  About  150  yards 
from  the  quarry,  there  is  a  small  fault  with  a  throw  of,  apparently,  not  more  than 
15  or  20  feet,  striking  north-west — south-east,  whicdi  brings  down  the  coal  to 
the  north-east.  At  least  such  appears  to  be  the  case,  though  tke  seam  beyond  is 
immediately  covered  by  sandstone  instead  of  by  shale.  This  may  be  due  to  the 
decomposition  of  the  shales  in  the  nala  bank)  and  to  the  sandstone  sinking  on  the 
coal,  or  to  local  unconformity  at  the  period  of  formation  of  the  coal — a  very 
frequent  occurrence  in  coal  measures.  At  the  same  time  the  seam  niay  be  different. 
The  secticm  thence  to  the  east  is  ill  seen;  the  nala  is  small  and  choked  with 
blocks  of  sandstone ;  but  about  200  yards  beyond  the  fault  the  coal  i^e-appears, 
peorhaps  brought  up  by  another  little  break. 

In  a  nala  which  passes  by  the  southern  portion  of  the  village  of  Barkoi, 
south-east  of  the  coal  outcrop,  a  poor  section  of  the  beds  is  seeui  the  greater 
portion  consisting  of  coarse  f  elspathic  sandstone,  similar  to  that  overlying  the  coal. 
One  small  outcrop  of  a  coal  seam,  6  inches  thick,  is  met  with.  The  beds  have  no 
distinct  dip;  they  are,  apparently,  slightly  inclined  to  the  south.  There  is  no 
reason  for  supposing  the  small  outcrop  to  be  in  any  way  connected  with  the 
Burkoi  seam.  In  all  probability  it  is  much  higher  in  the  series,  and  the  Barkoi 
seam,  if  constant,  which  there  appears  no  reason  to  doubt,  should  underlie  all 
these  beds.  In  fact/  there  seems  every  probability  of  its  existing  under  a  con- 
siderable tract  of  country. 

The  quality  of  the  Barkoi  coal  is  much  the  same  as  that  of  the  others  de- 
scribed.    It  is  less  bright  than  the  Chenda  coal, 
^^  '  but  it  is  undoubtedly  fair  fuel.     It,  however,  con- 

tains a  large  proportion  of  iron-pyrites,  more  than  any  of  the  other  seams,  except 
perhaps  that  of  Bhutaria  (and  this  has  not  been  sufficiently  cut  into  to  deter- 
mine). The  lower  portion  of  the  seam  appears,  however,  to  contain  less  pyrites 
than  the  upper.  In  the  coal  now  extracted  from  near  the  surface,  the  pyrites 
has,  in  great  measure,  deoomppsed,  leaving  the  joints  of  the  coal  lined  with 
peroxide  of  iron,  and  a  white  efflorescence  (?  sulphate  of  alumina)  frequently  forms 
on  the  surface.  Both  of  these  tend  much  to  injure  its  appearance.  The  coal 
ignites  with  great  readiness,  and  bums  very  freely  with  much  flame.  The  ash  is 
in  parts  deep  red,  in  others  only  reddish,  and  in  some  cases  nearly  white. 

Despite  the  considerable  proportion  of  pyrites  contained,  this  coal  does  not 
appear  to  decompose  rapidly  when  exposed.  In  some  heaps,  which  have  been 
lying  on  the  surface  exposed  to  the  weather  for  two  years,  the  coal  has  not  split 
up  or  broken  to  any  .extent. 

The  workings  hitherto,  as  I  have  stated,  have  been  but  small.     The  cir- 
cumstances under  which  the  seam  occurs  are,  I  am 
imng  proBpe     .  inclined  to  believe,  very  favourable  for  mining ;  the 
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dip  is  low,  and  although  faults  occur,  thej  appear  to  be  of  small  amou&t.  The 
shale  and  oyerlying  massive  sandstone  would  form  a  good  roof  in  all  probability. 
There  is  nearly  a  mile  of  gently  rising  ground  between  the  outcrop  of  the  coal 
and  the  hills  to  the  south,  so  that,  if  the  seam  be  continuous,  a  colliery  may  be 
worked  for  many  years  before  it  is  likely  to  be  necessary  to  sink  shafts  to  any 
great  depth.  In  this,  as  in  all  collieries,  however,  some  preliminary  exploratioB 
by  boring  is  desirable  before  any  large  outlay  in  shaft  sinking  and  erection  of 
steam  engines  is  undertaken. 

Any  coal  that*  may  exist  to  the  north  of  the  nala  may  as  well  be  qoarried 
as  the  quarries  there  would  not  affect  deeper  workings.  South  of  the  nsla 
quarries  would  be  objectionable,  as  if  deeper  workings  are  commenoed,  the 
quarries  will  tend  to  increase  the  quantity  of  water  met  with. 

JX.  Oogri  or  Hingladevi  seam. — The  last  place  that  I  visited  to  the  west- 
ward was  about  2  miles  west  of  Barkoi,  in  the  lands  of  the  village  of  Gogri, 
and  close  ^o  a  small  jungle  shrine  known  as  Hingladevi.  Mr.  Adams  showed  me 
the  spot,  and,  at  my  request,  set  workmen  to  dig  into  it.  They  had  reached  the 
depth  of  4  feet  10  inches  from  the  top  of  the  coal  seam,  when  I  saw  the  spot  a 
second  time,  all  the  thickness  being  through  coal.  The  excavation  was  oontiuoedi 
and  beneath  9  inches  of  shale  was  found  6  inches  more  of  coal,  beneath 
which  shale  recurred,  and  below  that  again  sandstone.  I  was  informed  of  this 
in  a  letter  from  Mr.  Adams,  accompanied  by  specimens,  which  reached  me  after 
I  had  left  the  coal-field.  I  do  not  quite  understand  whether  the  upper  portion 
of  the  seam  exceeded  4  feet  10  inches  or  not ;  but  there  must  be  a  seam  of  above 
h  feet  of  coal.     It  apparently  dips  at  a  low  angle  to  the  south. 

The  coal  appears  of  fair  quality,  though  shaly  in  parts.  The  outcrop  is  in 
the  bed  of  a  small  nala  running  between  low  hills,  but  with  ranges  of  greater 
height  to  the  south  and  south-east.  In  consequence  of  the  unevenness  of  the 
ground,  the  spot  is  not  so  well  suited  for  mining  as  Burkoi. 

Besides  all  the  above  localities,  coal  is  said  to  have  been  found  in  a  well  at 

_    ,      „    ,  ,  the  villaije  of  PaliUshaori,  north  of  the  last  described 

Coal  at  Palachaon.  ,       ,.,     , 

locabty.^ 

The  above  details  will,  I  think,  serve  to  show  that  these  discoveries  of  coal 
Importance  of  the  discoveries      Beams  are  the  most  important  that  have  been  made 
of  ooal  seams.  in  India  for  many  years,  amongst  all  the  previously 

known  coal  localities  in  Central  India ;  to  the  west  of  the  meridian  of  Jabalpnr, 
there  are  but  two  seams,  both  at  Mop&ni,  in  Narsinghpur  district,  which  exceed 
4  feet  in  thickness.  Near  the  Pench,  within  an  area  of  16  miles  in  length  from 
east  to  west,  no  less  than  six  (or,  including  Bhandaria,  seven)  localities  have  now 
been  discovered  in  which  seams  exceeding  that  thickness  occur;  and  when  it  is  borne 
in  mind  that,  with  two  exceptions  only  (Barkoi  and  Hingladevi),  the  whole  of 
these  localities  have  been  discovered  since  the  month  of  October  last,  and  solelj 
through  the  researches  of  Major  Ashbnmer,  I  think  it  is  only  reasonable  to 
believe  that  many  other  workable  seams  may  still  remain  undiscovered  in  this 

*  Since  my  departure,  Major  Ashbumer  informs  me  that  he  has  discovered  two  other  pla«* 
where  coal  occurs. 
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neighbonrhood,  and  that  there  is  every  probability  that  this  portion  of  the 
great  S^tpnra  coal-field  equals,  in  mineral  wealth,  the  coal-fields  of.  the  Damnda 
valley  in  Bengal. 

The  circumstances  under  which  the  coal  occnrs,  appear,  in  most  instances, 

Fttvorable  conditioiifl  for  min-     *<>  ^  favorable  to  mining  enterprise.     The  dips  are 
log-  very  low,  and,  so  far  as  a  judgment  can  be  formed 

from  the  very  imperfect  sections  exposed  at  the  surface,  there  appears  good 
reason  to  anticipate  that  both  the  quality  and  thickness  of  most  of  the  seams 
will  be  found  constant,  at  all  events  over  a  considerable  area.  Faults  are 
numerous,  but  the  majority  do  not  appear  to  be  of  sufficient  amount  to  affect 
mining  operations  injuriously.  It  is  probable  that  these  faults  will  be  found  to 
decrease  in  number,  the  greater  the  distance  from  the  fault  bounding  the  coal 
measures  to  the  south. 

The  quality  of  the  coal,  so  far  as  a  judgment  caa  be  formed  by  inspection, 

^    ,.,     ^      ,  and  by  burning  it  in  heaps,  is  similar  to  that  of  the 

Quabtj  of  GoaL  lit-n*.  iV 

coals  of  Braniganj,  and  other  mines  in  that  neigh- 
bourhood. It  is  a  free-burning,  non-caking  coal.  It  is  decidedly  inferior  to  the 
better  qualities  of  English  coal,  both  on  account  of  the  larger  proportion  of  ash 
and  of  the  lower  percentage  of  fixed  carbon.  At  the  same  time,  I  see  na~  reason 
for  doubting  that,  for  railway  purposes,  the  Pench  river  coal  is  perfectly  adequate ; 
it  is  just  as  well  suited  as  the  Baniganj  coal,  with  which  the  East  Indian 
Railway  was  worked  for  some  hundreds  of  miles,  and  I  believe  that  for  all  local 
purposes,  or  for  fuel  for  stationary  steam  engines,  it  is  excellently  adapted ; 
while  for  the  manufacture  of  iron,  the  freedom  from  pyrites  possessed  by  the 
Sirgori  seam,  if  found  to  be  constant,  should  give  that  coal  advantages  over  most 
other  Indian  coals  with  which  I  am  acquainted. 

The  question  may  possibly  arise,  whether  some  or  all  of  the  seams  discovered 
Seams    discovered    probably      ^^^y  not  be    identical.       Without    a  much   closer 
distinct  examination  of  the  country  than  it  has  been  possible 

to  make  hitherto,  it  would  be  impossible  to  answer  this  question  precisely  in 
every  instance ;  and,  even  were  an  exact  survey  made,  the  large  area  of  ground 
covered  and  concealed  by  trap,  and  other  formations  more  recent  than  the  coal- 
bearing  rocks,  would  render  the  tracing  of  each  seam  a  hopeless  task,  until 
mining  operations  had  advanced  considerably.  But  there  can,  I  think  be  no 
question  that  the. majority  of  the  seams  are  quite  distinct  from  each  other,  and 
I  have  not  been  able,  in  a  single  instance,  satisfactorily  to  ascertain  that  any 
seam  examined  was  identical  with  one  seen  elsewhere. 

Amongst  the  localities  I  have  described  above,  I  am  disposed  to  believe  that 
Localities    best   suited    for      those  best  suited  for  mining  purposes  are  Sirgori, 
mining.  Bhutaria,  and  Barkoi ;  but  further  explorations  by 

boring,  as  I  have  shown  above,  are  desirable  in  every  instance.  The  availability 
of  the  splendid  seam  on  the  Pench,  at  Chenda,  depends,  as  I  have  above  stated, 
on  its  continuance  to  the  north,  beneath  the  trap  in  the  river.  Further  exploration 
is  required  at  Parassia.)  and  it  is  extremely  desirable  that  the  thickness  of  the 
seams  there  and  at  Bhutaria,  and,  above  all,  at  Sirgori,  should  be  ascertained  at 
once. 

o 
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With  tliis  report  I  send  for  analysis  fair  specimens  of  the  f our  priscipol 

^     .  .  .         ,    ,  seams  named,  viz.,  Sirffori,  Chenda,  Bhntaria,  and 

SpecimeM  sent  for  analysis.  -n     i    .,      xi^  *  i^i       3     -i    •  ^       ^        ., 

Barkoi^  ;  those  from  Chenda  hemg  taken  from  the 

lower  4  feet  3  inches  coal,  which  is  the  best  part  of  the  seam,  and  which  in  the 
cutting  made  was  least  injured  by  surface  decomposition.  The  specimens  from 
Barkoi  are  also  from  the  lower  part  of  the  seam,  for  the  same  reason.  In  com- 
paring the  results  it  should  be  borne  in  mind  that  the  coal  from  Chenda,  Bhutaria, 
and  Barkoi,  is  outcrop  coal,  and  that  fuel  of  a  superior  description  will,  doubtless, 
be  obtained,  by  mining — fuel,  however,  which  may  probably  contain  more  sulphur 
and  gaseous  ingredients,  while  the  coal  from  Sirgori  is  mined  from  30  feet  below 
the  surface.  It  should  also  be  remembered  that  the  present  specimens  are  small 
fragments,  broken  from  yarious  parts  of  the  seam,  for  the  purpose  of  obtainiDg 
a /air  sample  of  the  whole. 

Apart  from  geological   conditions,  the  circumstances  of  the  countiy  are,  I 

think,  favorable  for  the  establishment  of  collieries, — 
Climate  of  district.  .,  j.       i_  •         r  •  1.     xl        t       .      •  1        j 

the  country  being  nign,  the  climate  is  cool,  and 

well  suited  for  Europeans,  except  for  two  or  three  months,  during  which,  owing 

to  the  prevalence  of  jungle,  it  is  feverish. 

The  population  of  the  district  is  chiefly  Gond.     These  people  are  indisposed 

to  work  regularly,  and  labour  for  hire  may  hare  to 
^^  ^  *  be  imported.     But  5«a5i-aboriginal  tribes  like  the 

Gonds,  if  kindly  treated,  are  excellent  labourers,  and  arR  likely  to  become 
good  miners,  being  superior  in  physique  to  the  average  labourers  of  Central 
India.  The  miners  at  Raniganj  belong  exclusively  to  races  allied  to  the  Goods, 
Bhonris,  Santals,  <&c. 

The  immediate  neighbourhood  of  the  Pench  river  is  fertile,  and  the  villages 
are  numerous ;  away  from  its  banks,  the  population  is  sparse,  and  the  greater 
portion  of  the  country  covered  with  jungle. 

Camp,  JSeiul  distrirt^ 
March  10th,  1866. 

Fixed  Carbon.    Volatile  matter.    Ash. 

^Chenda     .        , 61 

Barkoi 60-3 

Bbntaria 48*3 

Sirgori 61-6 
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Note  on  borings  for  coal  at  Engsein,  British  Burma  :^ 
By  R.  RoMANis,  D.Sc,  F.G.S.B. 

A  company  being  engaged  in  exploring  tbe  post-tertiary  strata  at  Engseia, 
abont  6  miles  from  Rangoon,  for  coal,  I  took  the  opportaniiy  to  examine  the 
specimens  brought  np. 

The  surface  consists  of  sand  loosely  cemented  together  by  peroxide  of  in)n« 
Throughout  this  bed  there  are  found  nodules  and  band?  of  a  bydrated  peroxide 
of  iron  containing  manganese.  This  bed  of  yellow-sand  passes  into  a  bed  of  gtej 
sand,  evidently  the  same  before  the  iron  in  it  has  become  peroxidized. 

Below  the  sand  is  a  considerable  depth  of  a  fine  day,  like  pipe-clay.  From 
this  one  or  two  fragments  of  stone  were  brought  up,  which,  I  am  informed,  are 
called  "boulders"  by  the  borers. 

I  was  puzzled  to  account  for  their  presence.  They  are  composed  of  a  crys- 
talline rock  of  comparatively  small  density ;  with  a  glass  I  observed  small  reddish- 
brown  crystals  like  garnet.  There  are  no  traces  of  volcanic  action  in  the 
neighbourhood  so  far  as  I  know,  and  it  is  not  easy  to  see  how  they  could 
have  been  brought  into  their  position.  They  may  have  been  shot  &om  some 
former  sub-marine  volcano  now  concealed  beneath  the  alluvium  of  the  delta,  or 
they  may  be  fragments  of  a  meteorite.  I  have  not  yet  analysed  them.'  In  this 
bed,  too,  were  found  casts  of  the  roots  of  some  plant,  apparently  a  water-lily.  A 
thin  seam  of  lignite,  about  an  inch  in  thickness,  was  passed  through.  I  sball 
take  an  early  opportunity  of  re-visiting  the  borings. 

I  understand  that  a  friable  sandstone  underlies  the  clay,  and  that  tbis  crops 
up  to  the  surface  at  a  short  distance  to  the  north,  and  that  a  new  boring  is  about 
to  be  commenced  to  explore  the  strata  below. 


On  Sapphires  recently  discovered  in  the  If orth-West  Himalaya : 
by  F.  R.  Mallet,  P.G.S.,  Qeological  Survey  of  India, 

Some  excitement  has  been  caused  of  late  in  Upper  India  by  the  discovery 
in  the  region  beyond  the  snows,  of  stones  concerning  which  the  most  conflicting 
accounts  have  appeared  from  time  to  time.     At  first  they  were  described   as 
amethyst,  or  as  blue  quartz,  subsequently  as  sapphire,  and  later  on  as  amethyst 
and  as  sapphire  again. 

An  equal  amount  of  uncertainty  has  prevailed  as  to  the  locality  from  which 
the  stones  have  been  obtained.     The  discoverers,  naturally  enough,   have  not 

'Frequent  mention  having  lately  appeared  in  the  newspapers  of  a  discoveiy  of  coal  near 
Bangoon,  some  information  on  the  subject  would  naturally  be  expected  from  the  Geological  Survey 
I  had  endeavoured,  officially  and  otherwise,  to  ascertain  the  locality  of  the  exploration  and  the 
facts  upon  which  it  was  based,  but  without  success ;  so  th&  notice  (communicated  unsolicited)  by 
Dr.  Bomanis  is  very  welcome.  I  need  hardly  add  that  it  only  increases  our  curionty  as  to  what 
can  have  led  to  the  search  for  coal  in  such  ground. — H.  B.  Medlicott. 

*  In  a  later  note  Dr.  Bomanis  adds—"  I  have  analysed  the  so-called  boulder  and  satisfied 
myself  that  it  is  not  of  igneous  origin,  but  there  must  be  some  mistake  in  the  account  I  reoraved 
of  the  way  it  was  found." 
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felt  particalarlj  eager  to  impart  tlieir  secret  to  the  rest  of  the  world,  and  have 
perhaps  not  displayed  anj  remarkable  energy  in  correcting  such  false  reports 
as  may  have  arisen.  There  appears,  however,  to  be  little  doubt,  now,  that  they 
are  found  in  the  neighbourhood  of  Padam  in  the  Zanskdr  District,  within  the 
territory  of  Kashmir.  The  discovery  seems  to  have  been  due  to  a  landslip, 
'which  laid  bare  a  new  face  of  rock  in  which  some  of  the  blue  stones  were 
visible.  On  working  into  the  rock  large  quantities  were  subsequently  extracted. 
The  first  lots  of  the  mineral  that  were  brought  across  the  snow  are  said  to 
liave  been  sold  at  extremely  low  rates,  owing  to  the  ignorance  of  the  carriers  as 
to  their  value.  Now,  however,  the  gems  are  fetching  high  prices,  Bs.  85  a  tolah. 
Laving,  it  is  said,  been  offered  at  Simla,  while  for  individual  specimens  consider- 
ably higher  rates  have  been  declined.  It  was  stated  some  time  ago  that  the  Delhi 
jewellers  had  bought  up  more  than  two  lakhs  (20,000£)  worth  of  the  stones. 

As  it  was  desirable  that  the  real  nature  of  the  mineral  should  be  ascertained 
beyond  doubt,  two  specimens,  obtained  at  Simla,  were  recently  forwarded  to 
this  office  by  direction  of  the  Punjab  Government :  one  of  these  weighs  about 
2t>0  grains,  the  other  about  110.  The  larger  is  in  part  transparent,  and  of  a  rich 
blu«  tint,  partly  bluish- white  and  translucent.  The  smaller  is  almost  wholly  of 
the  transparent  blue  variety,  but  shades  into  brown  in  one  or  two  spots.  The 
physical  and  chemical  characters  of  the  specimens  show  conclusively  that  they 
are  true  sapphire.  The  specific  gravity  of  the  larger  piece  was  found  to  be  3*959 
and  of  the  smaller  3*961.^  The  mineral  scratches  topaz ;  is  infusible  before  the 
blow-pipe;  and  when  fused  in  powder  with  acid  potassium  sulphate,  and  dissolved 
in  water,  yields  a  bulky  precipitate  of  alumina  with  ammonia. 

Of  two  other  specimens,  subsequently  sent,  which  were  obtained  by  the 
Assistant  Commissioner  of  Kulu,  one  is*  a  double  hexagonal  pyramid  (probably 
4P2,  but  with  irregular  angles)  terminated  by  the  basal  planes.  There  are  four 
or  five  smaller  crystals  of  sapphire  attached  to,  or  embedded  in,  it.  The  crystal 
is  2f  inches  long  and  weighs  rather  more  than  800  grains.  It  is  bluish- white  and 
translucent,  with  transparent  blue  portions  irregularly  mixed.  The  other  speci- 
men is  about  an  inch  and  a  quarter  long  and  seven-eighths  of  an  inch  diameter 
at  one  end.  It  constitutes  one-half  of  a  double  hexagonal  pyramid  (2P2),  which 
has  been  broken  across  near  the  centre.  The  fracture  displays  a  cavity  of  consi- 
derable size  in  the  interior,  containing  two  crystals  of  tourmaline.  One  of  these 
is  of  comparatively  large  size,  but  showing  no  well-defined  faces ;  dark-brown 
in  colour,  and  semi-transparent.  The  other  is  very  much  smaller,  but  well- 
crystallised  (ocP2.  ocB.  B.),  and  transparent,  the  body  of  the  crystal  being 
light  brown,  and  the  termination  indigo-blue. 

I  have  also  had   an  opportunity  of  examining  a  consignment  of  the  gems 

1  The  specimens  are  thinly  con  ted  in  places  hy  a  ivhite  mineral  (with  tninnte  hotryoidal  snr. 
face),  which  may  be  gibbsite,  bnt  there  is  too  little  of  it  for  satisfactory  determination ;  and  on 
the  surface  of  the  larger  one  there  are  two  or  three  minute  crystals  of  greenish  tourmaline.  The 
piesenoe  of  these  minerals  introduces  a  slight  error  into  the  above^given  specific  grnvities,  for  the 
sapphire  alone.  This  error,  however,  probably  does  not  exceed  1  in  the  second  place  of  decimals, 
»nd  reduces  the  apparent  below  the  true  value.  Although  the  amount  of  foreign  matter  on  the 
•mailer  specimen  is  much  less  than  on  the  other,  the  observed  specific  gravity  is  higher  by  only  *002. 
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aggregating  some  pounds  in  weight.  They  included,  besides  irregular  fragments, 
a  considerable  number  of  crystals,  one  of  the  largest  and  best  formed  of  which, 
was  a  double  hexagonal  pyramid  terminated  by  the  basal  planes  (4P2.  OP.). 
It  measured  3"  xlj^xl^",  and,  like  all  the  others,  was  bluish- white  and  trans- 
lucent, with  transparent  blue  portions  irregularly  mixed.  The  blue  parts  of 
course  constitute  the  valuable  portion  of  the  crystals,  and  are  carefully  cut  out 
by  the  lapidaries,  while  the  bluish-white  are  scarcely  entitled  to  the  name  of 
sapphire,  and  would  be  more  appropriately  designated  as  corundum.  A  consi- 
derable proportion  of  the  specimens  contained  small  crystals  of  dark-brown 
tourmaline,  which  seem  to  be  most  common  in  the  interior  and  near  the  oentz^ 
of  the  sapphire  crystals.^ 

^  Since  the  above  was  in  print,  the  following  letter  has  been  reoeivdl  from  the  Herd.  A. 
W.  Heyde,  the  Moravian  Missionary  for  many  years  resident  in  Lahnl,  than  whom  no  one  is  moie 
likely  to  receive  correct  information  on  the  subject : — 

Letter  from  the  Betd.  A.  W.  H'&ydb,  Moravian  Mitsionary,  dated  Kyelang  (vii  Kamgm  <nid 

Kulu),  Punjab,  the  18th  Apnl  1882. 

Owing  to  the  fact  of  my  being  shut  up  by  snow  during  the  winter  months,  a  letter  from 
Mr.  Lydekker,  of  the  Slst  of  February,  reached  me  only  four  days  bock.  He  writes  for  informatioa 
regarding  the  blue  stones  which  have  lately  been  found  in  the  neighbourhood  of  Lahal  and  sold 
in  large  quantities,  chiefly  by  Lahulies,  at  Delhi  and  elsewhere.  I  have  gathered  what  information. 
I  could. 

The  place  from  which  all  the  blue  stones  which  have  come  into  the  market  till  now  have  been 
taken,  is,  according  to  one  informant  in  Padar  [Padam],  about  half  a  day's  journey  from  the  top 
of  the  Umaei  PasSt  2  or  3  kos  to  the  east  of  the  village  of  Mach^  (which  I  cannot  find  on  my 
maps).  According  to  another  informant,  the  place  is  reached  best  from  the  top  of  the  Pentse  La, 
between  Zdnskar  and  Rangdum.  From  the  Pentse  La  you  have  to  cross  the  saine  range  which  X9 
crossed  by  the  Umasi,  when  you  find  the  spot  on  the  southern  slope,  after  having  descended  for  a 
short  distance.  This  way  is  only  known  to  the  Z£nsk^  people  living  near  the  Pentse  La.  The 
exact  spot  is  situated  as  high  as  the  lino  of  perpetual  snow  where  vegetation  has  ceased.  Its 
surface  is  a  dork-brown  earth,  followed  by  a  stratum  of  a  white  stuff,  resembling,  as  my  informant 
said,  hut  (soda),  which  is  found  in  the  Nubra  valley. 

In  this  white  stratum  regular  crystals  or  shapeless  bits,  large  and  small,  of  the  bine  stone  are 
found  singly  and  can  be  taken  out  "  like  potatoes  "  without  any  insti'ument.  But  when  this  white 
layer,  which  does  not  appear  to  be  thiok,  is  worked  through,  more  or  less  solid  rock  is  met,  which  is 
also  blue,  and  from  which  bits  can  be  taken  only  with  instruments.  This  information  I  received 
from  different  people,  two  of  whom  professed  to  have  seen  the  place.  How  far  all  this  may  be  true, 
I  cannot  tell,  though  I  have  no  reason  to  doubt  the  information  as  a  whole. 

Very  interesting  is  the  statement  made  to  me,  that  this  place  is  not  the  only  one  where  these 
stones  are  found  under  similar  conditions.  In  the  immediate  neighbourhood  of  the  spot  described, 
the  people  know  of  two  others,  in  one  of  which  the  blue  stone  is  found  not  below  the  groond 
but  in  horizontal  seams  of  a  large  rock,  but  also,  as  it  appears,  surroun  ded  or  embedded  in  tfaa^ 
white  stuff.  Another  spot  where  this  stone  is  said  to  exist  is  from  50  to  100  miles  or  more  to  the 
east,  or  rather  south-east,  in  the  same  range,  above  the  monastery  of^Bardan  in  Zanskar  (a  village 
near  by  is  called  Pipcha).  And  only  yesterday  I  heard  that  a  shepherd  of  Lahul  thinks  be  hsa 
seen  the  same  stone  here  in  Lahul  high  up  in  the  hills  on  the  right  side  of  the  Chandra  Bhaga,  aboat 
two  marches  upwards  from  Tri  Lok  Nfith;  in  this  case,  also,  it  seems,  at  the  height  of  the  snow  line. 
This,  if  true,  would  not  be  in  the  main  range,  but  in  a  branch  of  it.  In  Padar  these  stones  were 
first  found,  as  is  said,  by  a  shikari  about  two  years  ago.  Only  last  year  he  and  other  people  of 
Padar  found  out  that  they  had  some  value,  be  ginning  to  sell  them  to  traders  and  several  people  of 
Lahul,  at  one  rupee  a  seer,    As  yet  the  Mahardja's  people  know  only  of  that  one  place  where  the 
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stones  are  found ;  the  others  are  kept  secret  by  the  people  for  fear  of  hardships  which  might  follow 
»  duclosore.  As  the  stones  are  found  at  so  great  a  height,  partly  in  well  nigh  inaccessible  spots, 
tl&e  Maharaja's  guards  who  have  been  stationed  to  watch  that  one  place  from  a  distance  are  unable 
to  prevent  the  inhabitants  from  taking  out  and  selling  stones  still.  In  Zilnskfr  large  quantities 
of  them  are  still  in  the  hands  of  the  people,  amongst  which  there  are  said  to  be  some  very  perfect 
and.  large  crystals— one  of  them  is  said  to  be  a  foot  in  length. 

I  myself  hare  not  made  an  object  of  buying  such  stones,  but  have  seen  different  bits  of 
tliem.  The  upper  end  of  what  seemed  to  have  been  a  regular  crystal,  having  been  broken,  had  inoo 
broad  sides  and /owr  small  sides.  Several  shapeless  bits  were  covered  with  a  whitish  crust  consisting 
us  it  were  of  minute  quartz  or  lime  crystals,  the  crust  adhering  very  firmly.  Others  were  irregularly 
covered  with  well-formed  small  crystals. 

The  thick  end  of  another  broken  larger  crystal  looked  for  about  an  inch  like  topaz,  the  colour 
being  that  of  a  deep -coloured  sherry  wine,  quite  transparent,  the  two  colours  (blue  and  yellow) 
ronning  gradually  into  each  other. 

I  forgot  to  mention  that  in  the  localities  in  Padar  where  the  stone  is  found,  the  common 
pebble  in  large  and  small  crystals  abounds. 

Jewel  merchants  from  the  plains  pay  here  at  present  as  much  as  Rs.  80  for  one  tola  of  the  blue 
■tone  if  the  colour  is  pure.  I  further  forgot  to  mention  a  report,  according  to  which  also  stones  of 
a  red  colour  have  been  found  in  the  same  localities. 


Notice  of  a  recent  Emption  from  one  of  the  Mud  Volcanoes  in  Chednba. 

The  following  letter  from  the  Commissioner  of  Arakan  to  the  Government 
of  Burma,  relating  to  a  fiery  eruption  from  one  of  the  mud  yolcanoes  in  Cheduba^ 
is  publisbed  in  continuation  of  similar  records^ : — 

^rom  Colonel  E.  B.  Sladbn,  Commissioner  of  Arakan,  to  the  Secretary  to  the  Chief 
Commissioner,  British  Burma,  Rangoon,    Dated  Akyah,  4th  January  1882 » 

I  have  the  honour  to  report  a  rather  interesting  phenomenon  in  connection  with  the 
shock  of  earthquake  which  was  felt  at  this  station  on  Saturday  morning  last^  the  31st 
Deoember. 

2.  The  vibrations  commenced  at  about  7-65  a.m.,  and  were  continued  at  intervals  from 
ten  to  fifteen  minutes. 

They  were  not  severe,  but  doors  and  windows  of  houses  rattled ;  furniture  was  made  to 
undergo  a  see-saw  movement,  and  pendulum  clocks  in  some  instances  stopped. 

8.  I  was  myself  at  the  time  on  board  the  S.  S.  Mahratta,  oSt  the  mouth  of  the  Sando- 
way  river,  and  the  point  of  interest  in  relation  to  the  earthquake  is,  that,  simultaneous 
as  regards  time  with  its  occurrence  at  Akyab,  we  were  eye-witnesses  of  one  of  those  violent 
Toloanic  eruptions  which  have  already  been  observed  to  take  place  on  some  of  the  islands 
lying  off  this  coast  during  the  g^eat  earthquakes  of  1833  and  1839.' 

4.  In  the  present  instance,  the  eruption  occurred  in  one  of  the  extinct  volcanoes  near 
the  southern  extremity  of  Cheduba  Island. 

As  we  were  lying  at  anchor  at  the  time  off  the  mouth  of  the  Sandoway  river,  we  must 
have  been  about  30  miles  from  the  scene  of  the  volcano ;  but  even  at  this  distance  a  dense 
column  of  smoke  and  broad  massive  flames  of  fire  were  seen  to  rise,  as  it  were,  from  the 
horizon,  and  stretched  far  up  into  the  distant  sky. 

Viewed  even  by  daylight,  the  sight  was  a  magnificent  and  impressive  one,  owing  to  the 
great  volume  of  flame  and  the  immense  height  to  which  it  rose.    Dr,  McClelland,  writing  of 

»  Vols.  XT,  p.  188;  XH,  70;  XIII,  206;  XIV,  196. 
«  Vol.  XI,  pp.  197,  206. 
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the  eruption  in  1833,  says  that  the  flames  issued  to  the  height  of  several  hundred  feet\  axid 
the  description  given  in  Silliman's  Journal  of  a  similar  eruption  in  1839  is  to  the  eCEect  that 
"  fire  mingled  with  smoke  and  ashes  rose  to  a  feavful  keiffkt." 

5.  In  these  two  instances  the  ohservers  were  within  3  or  4  miles  of  the  eraptioim.  In 
the  present  instance,  we  were  33  miles  in  a  straight  line  from  the  scene  of  the  eraption,  aud 
at  that  distance,  the  flames,  as  seen  hy  us,  appeared  at  times  to  reach  half-way  up  from  (he 
horizon  to  the  sky,  and  to  have  a  lateral  lappai-ent)  hreadth  of  from  30  to  40  feet 

They  'continued  to  issue  forth  with  greater  or  less  effect  for  about  16  minutes,  and  then 
suddenly  disappeared ;  but  the  smoke,  which  had  risen  in  a  long  straight  column,  formed 
itself  into  a  vast  black  canopy,  which  hung  like  a  cloud  in  the  sky,  and  was  visible  for  hows 
after  the  eruption  was  at  an  end. 

6.  I  may  mention  that  the  high  land  of  Chediiba  was  quite  visible  from  where  we  werei 
and  that  bearings,  taken  at  the  time,  indicated  the  scene  of  the  eruption  to  be  the  extinct 
volcano  known  locally  as  the/*Naga  Dwen." 
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Ikmon, 

A  collection  of  vertebrate  fossils  from  Perim  Island  (see  above,  p.  104). 

Supdt.  of  Marine,  Calcutta. 

Mammalian  bones  from  pleistocene  beds  of  the  Jamna  valley,  in  the  Banda  district. 

'    Mb.  John  Cockbubv. 

A  slab  of  shale  with  plant-impressions  from  the  Karharbari  coal-field. 

W.  G.  Olphbbts,  C,B. 

Two  blocks  of  English  patent  fuel.    '  ,«      ,,  «  ^ 

ThB  MaDBAB  RlILWAT  Co. 

A  block  of  cupriferous  gneissose  schist  from  the  B&raganda  copper  mine,  Haz^ribAgb. 

Mb.  N.  Ksxvr 

Specimens  of  crude  asphalt, '  boiled  pitch.'  and  '  glance  pitch',  from  Trinadad. 

*^  Dtt.  0.   F.   BBICHKAlf.'r. 
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Titles  of  Books,  ^'•^''*- 

AcHEPOHL^  L.— Das  Kiederrheinisch-Westfalische  Steinkohlengebirge.  Atlas  der  fosailtn 

Fauna  und  Fl<»ra,  Lief.  4-6  (1881-82),  4to,  Leipzig. 
Bebohaus,  Db.  Heikbich  — Physikalischer  Atlas.    Abth.  Ill,  Geologie  (1880)  flscGotha 
Bbonk's.— Klassen  und  Ordnungen  des  Thier-Reichs.    Band  VI  Abth.  Ill,  Beptilien,  Lief. 

26-26  (1881),  8vo.,  Leipzig. 
Encyclopfiedia  Britannica,  9th  Ed,  Vol.  XIII.    (1881)  4to.,  Edinburgh. 
Kabrbb,  Felix.— Der  Boden  der  Hauptstadte  Europa's  (1881),  8vo.,  pht.,  Wien. 
Moublon,  Michel.— Geologie  de  la  Belgique.    Vols.  I-II  (1880-81),  8vo ,  Berlin. 
Rbnault,  M.  B.— Cours  de  Botanique  Fossils,  Annde  II  (1882),  870.,  Paris. 
ZiOHO,  Achillb  db.— Flora  FossilU  formationis  OolithiciB.    Vol.  II,  pt.  3   (1882),  4to. 

Padova. 
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PERIODICALS,  SERIALS,  Ac. 

American  Journal  of  Science,  3rd  Series,  Vol.  XXII,  No.  182,  &  XXIII,  No.  134  (1881-82), 

8vo.,  Now  Haven. 

Thb  Editobb. 

Annalen  der  Physik  und  Cheuie.    Band  XlV,  No.  12,  4  XV,  Nod.  1-2  (1881-82),  8vo., 

Leipzig. 
Annales  des  Mines,  7tll  Series,  Vol,  XX,  livr.  4  (1881),  8vo.,  Paris. 
Annates  des  Sciences  Geologiqn^,  Vol.  XII,  No»  1,  and  XIII  (1881),  8vo.,  Paris. 
Annales  des  Sciences  Natnrelles,  6th  Series,  Zoologie  et  Pal^ntologio.  Vol.  XI,  Nos.  5-6,  and 

XII,  Nob.  1-2  ;  and  Botanique,  Vol.  XII,  No.  1  (1881),  8vo.,  Paris. 
Annak  and  Magazine  of  Natural  History,  6th  Series,  Vol.  IX,  Nor.  49-61  (1882),  8to.,  London. 
Archiv  fUr  Naturgeschiohte,  Jahrg.  XLIV,  heft  6   (1878) ;  XLVII,  heft  3-4  (1881) ;  and 

XLVIII,  heft  1  (1882),  8ro.,  Berlin. 
AthenjBum,  Nos.  2826—2836  (1881-82),  4to.,  London. 
Beihlatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  V  No.   12,  and  VI,  Nos.   1—2, 

(1881-82),  8vo.,  Leipzig. 
Biblioth^qne  Univetselle.  Archives  des  Sciences  Physiques  et  Natnrelles,  3me.  P^riode.  Tome 

VI,  Nos*  10—12  (1881),  8vo.,  Gen&ve. 
Biblioth^ue  Universelle  et  Revue  Suisse,  Sme.  P^riode,  l*ome  XII,  Nos.  34—36  (1881),  870., 

Lausanne, 
fiotanisches  Centralblatt,  Band  VIII,  Nos.  8  and  10—12,  and  IX,  Nos.  1—8  (1881-82),  8vo. 

Cassel. 
Chemical  News.    Vol.  XLIV,  Nos.  1161—1163,  and  XLV,  Nos.  1164—1162  (1881-82);  4to., 

London. 
Colliery  Guardian,  Vol.  XLII,  Nos.  1093— 1096,  and  XLIII,  Nos.  1097—1104  (1881-82),  fol., 

London. 
Daa  Ansland,  Jahrg.  LIV,  Nos.  60—62,  and  LV,  Nos.  1—9,  (1881-82),  4to.,  Stuttgart. 
Geological  Magazine,  New  Series,  Decade  II,  Vol.  IX,  Nos.  1—3  (1882),  8vo.,  London. 
Iron.    Vol.  XVIII,  Nos.  466—468,  and  XIX,  Nos.  469—477  (1881-82),  fol.,  London. 
Journal  de  Conchyliologie,  3rd  Series,  Vol.  XXr,  No.  3  (1881),  8vo.,  Paris. 
Journal  of  Science*  3rd  Series,  Vol.  IV,  Nos.  97—99  (1882),  8vo.,  London. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine,  and  Journal  of  Science,  6th  Series, 

Vol.  XIII,  Nos.  78—80  (i882),  8vo.,  London. 
Mining  Journal)  with  Supplement,  Vol.  LI,  Nos.  2416— 2419,  and  LIT,  Nos.  2420—2427 

(1881-82),  fol.,  London. 
Natura  Novitetes,  Nos.  24-26  (1881),  and  Nos.  1—4  (1882),  (1881-82)',  8vo.,  Berlin. 
Nature  Vol.  XXV,  Nos.  633—644  (1881-82),  4to.,  London. 
Keues  Jahrbuch  fur  Mineralogie,  Geologic,  und  PaUeontologie,  Jahrg.  1882,  Band  I,  heft  1 

and  2  (1882),  8vo.,  Stuttgart 
Neues  Jahrbuch  ftir  Mineralogie,  Geologic  und  Palroontologie,  I.     Beilage-Band,  heft.  3 

(1882),  8vo.,  Stuttgart. 
Paheontographica,  Band  XXVIII,  lief.    3  (1881),  4to.,  Cassel. 
Fetermann's  Qeographische  Mittheilungen.    Band  XXVII,  No.  12,  and  XXVIII,  Nos.  I~  2 

(1881-82),  4to.,  Gotha. 
Quarterly  Journal  of   Microscopical  Science.    New  Series,  Vol.  XXII,  No.  85  (1882),  8vo 

London. 
Zeitschrift    fiir  die  Gesammten  NaturwissenFchaften,  3rd  Series,  Band  VI,  heft  1—4  (1881) 

8vo.,  Berlin. 
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GOVEBI^MENT  BELSK^TIO^S,  &c. 

Bombay.-— Report  on  tbe  Administration  of  the  Bombay  Pfetidency  for  1880-81  (1881),  8va» 

Bombay. 

Bombay  Ootxbvmkvt. 

„        Seleetiens  from  tbe  Beoovds  of  the  Boqibf^  Qovemmeut,  New  Series,  No.  156, 
(1881),  8to.,  Bombay. 

BOKBAT  GoTBunfim. 

Bbitish  Bubva.— Report  on  the  Administration  of  Britiali  Burma  daring  188(K81  (1881), 

flsc.,  Rangoon. 

Chibf  CoilMntioHBB,  Bbitish  Bubma. 

CooBG^. — ^Magbath,  Ma  job  H.  M.  S. — Report  on  the  (?oorg  General  Gensns  of  1881,  with 

appendices  (1881),  flsc.,  Bangalore. 

CbIBF    OOHXIBSIOirBB,    O0OBO« 

Htdbbabad. — Report  on  the  Administration  of  the  Hyderabad  Assigned  Districts  for  1880-81 

(1881),  flsc,  Hyderabad. 

RssiDBinv  Htdbbabad. 

India.— Annual  Statement  of  the  Trade  and  Navigation  of  British   India  with   Foreign 

donntries,  and  the  Coasting  Trade  of  the  several  Preaiden^es  and  Pro- 
vinoes  in  the  year  ending  Slst  March  1881,  Vol  I,  Foreign  Trade  (1881), 
4to.,  Galcntta. 

Departmbnt  op  Fihakob  aitd  Commbbcx. 
„        Gamblb,  J.  S.--'A  Manual  of  Indian  Timbers  (1881),  8ro.,  Gakutta. 

FOBBST  DbpABTMBVT. 

HuifTKB,W.  W.— The  Imperial  Gazetteer  of  India,  Vols.  I— IX  (1881h  8yo-. 
London, 

Rbt.  and  Aobic.  Dbfabtmsvt. 

India.-— List  of  offioers  in  the  Survey  Departments  on  the  1st  January  188%  (1882),  flsc, 

Calcutta. 

RbV.  &  AgBIC.  DSFABTMBirT. 

„       Registers  of  original  observations  in  1881,  reduced  and  oorreotedt  Maroh  to  June 

1881  (1881-82),  4ta,  Calcutta. 

MbT^B.  RbPOBTBB  to  (30¥T.  OF  I«dia. 

„'      Results  of  Autographic  Registration  in  1880  at  the  Alipore  Observatory,  CalcnUa, 
(1881),  4to^  Calcutta. 

Mbtbob.  Repobtbb  to  Govt,  of  Ikdia. 

„       Review  of  the  Maritime  Trade  of  British  India  with  other  countries  for  1880-81, 

(1881),  flsc.,  Calcutta, 

Dbpt.  of  Fihakob  akd  Coxmsbcb. 

,,       Statistical  Tables  for  British  India,  6th  Issue  (1883),  4to,  Calcutta. 

\^V^^  OF  FlITAliCB  k»V  iJOMJIBBCB. 

Madbas. — Report  on  the  Administration  of  the  Madras  Presidency  during  1880-81  (1881), 

8vo,  Madras. 

Madbas  Govbbrmbnt. 

MTSOBi?.~Rpporl  on  Public  Instruction  in  Mysore  for  1880-81  (1881),  Acs.,  Bangalore. 

Rbsidsnt,  Mtsobe. 


PART  2.]  Additions  to  the  Library.  1 15 

!PUIm  of  Book*.  Donors. 

N-  W.  Pbovihcbs. — Statistical,  Descriptive,  and  Historical  Account  of  the  N.  W.  Provinces 

of  India,  VoL  VI  (1881),  8vo,  Allahabad. 

Govt.,  N/W.  Pbovijevcbs. 

N.  W.  PRovivcBa  A  OuDH.— Bbanbis,  D.— 6aggQ8tion8  regarding  Forest  Administration 

in  the  North-Western  Provinces  and  Ondh  (1882),  flso.,  Calcutta, 

F0BB8T  Dbfabthbkt. 

TRANSACTIONS,  PRCXJEBDINGS,  Ac,  OP  SOCIETIES,  SURVEYS,  Ac. 

Am STBBDAK.— Jaarboek  van  het  Mijnwczen  in  Nederlandsch  Oost-Indie,  Deel  II,  1879,  and 

I>eel  I,  1880  (1880-81),  8^0,  Amsterdam. 

NBTHBBIAlTDa  COLOJE7IAL  DbFT. 

BBBLIN.—Monatsbericht  der  Kc>nig.  Preassischen  Akademie  der  Wissenschaften,  November 

and  December  1881  (1881-82),  8vo.,  Berlin. 

Thb  Acadbmt. 

•,        Zeitschrift  der  Deutschen  Geologischen  Gesellschaft^  Hand  XXXIII.  heft  3  (1881), 
8vb.,  Berlin. 

Thb  Socibty. 

BoBTOH.-*Proaeediiiga  of  the  Boston  Society  of  Natural  History,  Vol.  XX,  pt.  4  and  XXI, 

pt.  1  (1881),  8vo,,  Boston, 

Thb  Socibtt. 

Bbbslait. — Achtnndfiinrzigster  Jalires-Bericht  der  Schlesiscben  Gesellschaft  fur  vaterlan- 

disohe  Caltor  (1881),  8vo.,  Dfeilau. 

Thb  Socibtt. 

BBVS9BLS. — Bulletin  de  fa  Soci^t^  Beige  de  Gt^ogniphie,  Ann^  V.,  No.  6  (1881),  8vo., 

Bn»eHe«. 

Thb  Socibtt. 

„  Ebtbobv.  O.  VAN.'-^-Commisgioo  de  la  Carte  G^ologiqne  de  la  Belgiqne.  Texte 
explioatif  da  Levd  G^logique  des  planchettes  de  Tamise  et  de  St  Nicolas. 
With  2  maps  (1880),  8vo.,  Bruxelles. 

Gbolooical  Subvby,  Bblgiuh. 

BuFFALC—Bvlletin  of  the  Buffalo  Society  of  Natural  Science^*  Vol.  IV,  No.  1  (1881),  8vo., 

Buffalo. 

Thb  Socibtt. 

Caxcutta.— -Cabbihotob,  IL  C— List  of  Liglit'hoases  and  Light  Vessels  in  British  India, 

including  the  Red  Sea  and  Coast  of  Arabia,  corrected  to  Ist  January  1882 

aa82)>  oh.  4ta>  Calottita* 

Thb  Mabibb  Subvbt. 

,,  Catalogue  of  Charts,  Ac.,  issued  at  the  Marine  Survey  Department  (1882), 

&vo.»  Calontta. 

Thb  Mabinb  Subvbt. 
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General  Report  on  the  operations  of  the  Marine  Survey  of  India  for  the  year 
1880-81  (1882),  flsc,  Calcutta. 

Thb  Mabibe  Subvbt. 
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rules  of  Books,  Down. 

OALCUTTA.**Catalogue  of  tbe  Library  of  the  Uaiversity  of  Calcutta  (1880)i  8ro.,  Calcatta. 

H«  B.  MxDLieoTT,  Esq. 

„  Journal  of  the  Agricultural  and  Horticultural  Society  of  India,  New  Series, 

YoL  VI,  Part  4  (1882),  Svo.,  Calcutta. 

ThI  SOCIKTT. 

„  Memoirs  of  the  Geological  Survey  of  India,  Vol.  ItlX,  pt«  I  (1882),  8ro<, 

Calcutta. 

GbOLOGICAL  S0BVBT  OF  IlTDIl. 

Calcutta  and  Lohdoh. — Palseontologia  Indica,  Series  X,  Vol.  II,  pts.  I  &  2,  and  Series  XIY* 

Vol.  I,  pt.  3  (1881-82),  4to.,  Calcutta  and  London* 

GbolooicaI  Susvst  of  Ihdu. 
Calcutta.— Records  of  the  Geological  Survey  of  India,  Vol.  XV,  pL  1  (1882),  gvo.,  Calcatta. 

Geological  Subvst  of  Ihpu. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal^  Noa.  IX  and  X  (1881),  and  I 

(1882),  8vo.,  Calcutta. 

Thx  Socott. 


II 


Supplement  to  the  Catalogue  of  Maps,  Plans,  and  Charts  of  the  Sunrey  of  India 
published  in  1878  (1882),  8vo.,  Calcutta. 

Thb  Subtbtob-Gbhbbal  of  Lidu. 

Cambbidob,  Mass.— Annual  Report  of  the  Curator  of  the  Museum  of  Comparative  Zoolo({y 

for  1880-81  (1881),  8vo.,  Cambridge,  Mass. 

Thb  Museum  of  Cokfabatitb  Zooloot. 

„  „        Bulletin  of  the  Museum  of  Comparative  Zoology^  Vol.  IX,  Noe.  1—5 

(1881),  8vo.,  Cambridge,  Mass. 

The  Musbuk  of  Comfabatite  Zooiogt. 

Cassbl.— Bericht  des  Vereines  fur  Naturkunde  zu  Cassel,  No.  XX  7111  (1881),  8vo.,  CaneL 

The  A88OCUTI09' 

DBB0PBN. — Sitzungsberichte  und  Abhandlungen  der  Naturwissensohaftlichen  GesellsehaH 

Isis  in  Dresden.  Jahi^.  1881,  July  to  December  (1882),  8vo.,  Dreaden. 

The  Socibtt. 

Duel  IB. — Journal  of  the  Royal  Geological  Society  of  Ireland.    New  Series,  Vol.  VI,pt-l 

(1881),  8vo.,  Dublin* 

The  Socibtt. 

„         Scientific  Proceedings  of  the  Royal  Dublin  Society.    New  Series,  VoL  II1»  pt** 
1—4,  and  II,  pt.  7  (1880-81),  8vo.,  Dublin. 

The  Socikt. 

Scientific  Transactions  of  the  Royal  Dublin  Society.  Series  II,  Vol.  I,  Nos.  13  and 
14  (1880-81),  4to,  Dublin. 

The  Soain. 

Fbankfubt. — Abhandlungen  von  der  Senckenbergischen   Naturforschenden  Gesellflduitt 

Band  XII,  heft.,  3  and  4  (1881),  4to.,  Frankfurt 

Glasgow. — Pcoceedings  of  the  Philosophical  Society  of  Glasgow,  VoL.XIII,'No.  1(1S$1) 

8vo.,  Glasgow. 

The  Socwrr. 
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Titles  of  Boohs,  Donors, 

LAI7B4N1IS. — Balletin  de  la  Soci^t^  Yandoise  des  Sciences  Natnrelles,  2nd  Seriesj  Vol.  XYII, 

No8.  84  and  86  (1880-81),  8fo.,  LftusaQDe. 

Thb  Socibty. 

Li&GB.— Annales  de  )a  Soci^t^  Gdolog^que  de  Belgiqne,  Vol.  VII,  1879-80  (1879^81),  8vo., 

Lifege. 

Thb  Society. 

LoHDON.— Dai»ia8,  Jakbs.— Catalogue  of  the  Libraiy  of  the  Geological  Society  of  London 

(1881),  8vo.,  London. 

Thb  Socibtt. 

Quarterly  Journal  of  the  Geological  Society,  Vol.  XXXVII,  No.  148,  and  List 
of  Fellowe  for  1881  (1881),  8vo.,  London. 

Thb  Socibtt. 

Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Vol.  X, 
No.  4,  and  XI,  Nos.  1-2  (1881),  8yo.,  London. 
»,         Journal  of  the  Boyal  Geographical  Society,  Vol.  L  (1880),  8yo.,  London. 

Thb  Society. 

„  Proceedings  of  the  Royal  Geographical  Society,  New  Series,  Vol.  Ill,  Nos.  11  and. 

12,  and  IV,  No.  1  (1881^2),  8yo.,  London, 

The  Society. 

Journal  of  the  Society  of  Arts,  Vol.  XXX,  Nos.  1637—1628  (1881-82),  8yo. 

London. 

The  Society. 

„  Proceedings  of  the  Royal  Society,  Vol.  XXXII,  No.  216  (1881),  8yo.,  London. 

The  Society. 

Madbid. — Boletin  de   la  Sociedad  Geograficade)  Madrid,  Vol.  XI,  Nos.  6-6,  and  XII,  No.  1 

(1881-82),  8yo.,  Madrid. 

The  Society. 

Manchbstbb. — Transactions  of  the  Manchester  Geological  Society,  Vol.  XVI,  pts.  11  and 

12  (1881),  8yo.,  Manchester. 

The  Society. 

Melboubitb. — Reports  of  the  Mining  Sunreyors  and   Registrars  for  quarter  ending  dOth 

September  1881  (1881),  flsc.,  Melbourne. 

Mining  Drpt.,  Victobia. 

MoNTBBAL. — Geological  Survey  of  C!anada.  Mesozoic  Fossils.  Vol.  I,  pts.  1  and  2,  by  J.  F. 

Whiteaves  (1876  and  1879),  8vo.,  Montreal. 

Geolooical  Subyey  of  Canada. 

„  Geological  Surrey  of  Canada.    Reports  of  progrens  for  1873-74»  1876-76,  and 

1876-77  (1874, 1877,  and  1878),  8vo.,  Montreal. 

Geological  Subyey  of  Canabi. 

Moscov. — Bulletin  de  la  Soci^t^  Imp^rialle  des  Nataralistes  de  Moscou,  Vol.  LVI,  No.  1 

(1881),  8yo.,  Moscou. 

The  Society. 

Nbuchatbl. — ^Bulletin  de  la  Soci^t^  des  Sciences  Katurelles  de  Neuchatel,  Tome  XII,  pi.  2 

(1881),  870.,  Neuchatel. 

The  Society 

Pabis.— -Bulletin  de  la  Society  G^ologique  de  France,  3rd  Series,  Vol.  VII,  Nos.  9-10 ;  VIII 

Nos.  2,  3,  6,  &  6 ;  IX,  Nos.  1,  2,  4,  5,  &  6  ;  and  Index  to  Vol.  VI  (1878, 

to  1881),  8vo.,  Paris. 

The  Society. 
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Till^  of  Books,  Doitots. 

Pabi6.— M^inoires  de  1»  Soci^t^  G^Iogique  da  Franoe,  2iid  Series,  Vol.  Ylff,  No.  3 ;  IX, 

No8.  4-5 ;  X,  N(M.  1—4 ;  and  3rd  Seriei,  VoL  I,  Noe.  1—5  (186S  to 
1880),  4to.,  Paris. 

Thb  SociRf. 

PHII1.DBLFHI1.. — Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXXXII,  No.  6^  and 

LXXXIII,  No.  1  (1881-82),  870.,  Philadelphia. 

Thb  iHsnTDTi. 

Pisa.— -Atti  delta  Sooieta  Tosoana  di  Scienze  Natnrali.    Prooesti  Yerbali,  VoL  III,  pp.  1—27 

(1881),  8va,  Pisa. 

*  Thm  Socuf  r. 

RosfB.^Atti  della  R.  Aoeademia  dei  Linoei,  Series  III,  Transunti,  VoL  VI,  fasc  3-6 

(1881-82),  4to.,  Roma. 

Thb  Acadibt. 

ToBONTo.— Prooeedings  of  the  Canadian  Institute.    New  Series,  VoL  I,  pt  3  (1881),  8ro., 

Toronto. 

Thb  IvBTitoTB. 

TuBiN. — Atti  della  Bv  Aocademia  delle  Soienze  di  Torino,  VoL  XVI,  disp.  7,  and  XVII, 

disp.  1  (1881),  8vo.,  Torina 

Thb  Agadbbt. 

ViBNNA.— Sitzungsberichte  der  Kais.     Akademie  der  Wissenschaften. 

Band  LXXXII,  Abth.  I;  heft  34^;  Abth.  II, heft  3  6;  Abth.  Ill, heft 3-5. 
BaiidLXXXII,  Abth.  I,  heft.  1-4;  Abth.  II,  heft.  1—4;  Abth.  IIL 
heft.  1—2  (1881),  8vo.  Wien. 

Thb  Acadbbt. 

„         Verhandlungen  der  k.  k.  Oeologisehen  Beichsanstalt,  No.  17  (1879),  Nos.  16—17 
(1881),  and  Nus.  1—3  (1882),  (1879,  and  1881-82),  8vo.,  Wien. 

Thb  ][ysTiTUTB. 

YoKOHAaiA. — Mittheilungender  Deutschen  Gesellschaft  far  naturnnd  Volkerkunde  Ostusieud 

Heft.  25  (1881),  flsa  Yokohama. 

Thb  Socibty. 

„  Transactions    of  the  Asiatic  Society  of  Japan.  Vol.  IX,  pt.   3  (1881),  Sro., 

Yokohama. 

The  SoaBTi. 

Maps. 

Capbluni,  PBOFBsaoB  G.->Carta  Geologica  dei  Monti  di  Livorfto,  di  Casteliina  Marittimi  % 

di  una  parte  del  Volterrano,  ScaU  di  1  a  100,000  (1881),  map,  Bologna. 

Thb  AurflOB. 

April  6th,  1883, 
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Note  on  the  coal  of  Macli  (Maoh)  in  the  Bolem  pass,  and  of  Sliarag  or  Sharigh  on 
the  Hamai  route  hetween  Sibi  and  Qnetia,  by  W.  T.  Blanfobd,  F.R.S.,  Senior 
Deputy  Superintendenty  Geological  Survey  of  India, 

Wlien  on  the  way,  in  October  1881,  to  examine  tbe  hill  tracts  north  of  Sind 
and  west  of  the  Punjab,  I  received  instructions  to  examine  two  localities  at  which 
coal  had  been  fonnd,  one  on  each  of  the  rentes  between  Sibi^  and  Qnetta.  One 
of  these  localities,  that  at  Mach  on  the  Bolan  route,  had  already  been  visited  and 
described'  by  Mr.  Griesbach,  but  after  his  examination  fresh  discoveries  were 
made.  As  will  be  seen  however,  my  conclusions  as  to  the  value  of  the  coal  seams 
are  practically  the  same  as  Mr.  Griesbach's.  The  other  locality,  Shar^g  or 
Sharigh  on  the  Hamai  route,  along  which  it  was  at  one  time  proposed  to  lay  a 
railway  to  Quetta,  and  which  lies  to  the  eastward  of  the  Bolan  pass,  had  not 
previously,  so  far  as  I  am  aware,  been  geologically  examined. 

My  visit  to  both  localities  was  necessarily  very  brief,  but  still  I  think  suffi- 
cient to  enablq  me  to  judge  of  the  probability  of  their  affording  fuel  on  a  large 
scale.     My  opinion,  I  regret  to  say,  is  unfavourable. 

It  is  unnecessary  here  to  enter  at  any  length  into  the  geology  of  the  beds'. 
Mr.  Griesbach  has  already  shown,  quite  correctly  I  believe,  that  the  coal  of  Mach 
belongs  to  the  lower  part  of  the  eocene  system.  The  position  of  the  Shardg 
beds  is  not  so  cleaH',  but  that  they  belong  to  the  same  system  is  unquestionable. 
The  similarity  in  mineral  character  of  the  beds  associated  with  the  coaP  in  both 
localities  is  so  great  that  there  is  probably  very  little,  if  any^  difEerence  in  age ; 

'  Tbe  tenniniu  at  present  of  tbe  railway. 

*  Beport  on  the  geology  of  the  section  between  the  Bolan  pass  in  Biluchistan  and  Girishk  in 
Scntbern  Afghanistan,  Mem.  Qeol.  Sorv.  India,  Vol.  XYIII,  Ft.  1,  p.  22. 

*  I  hope  to  be  able  to  give  a  fuller  account  of  the  geology  of  the  country  in  a  future  report. 

*  I  had  not  time  to  examine  fully  the  surrounding  country. 

*  It  may  be  possibly  questioned  whether  the  mineral  found  at  Mach  and  Shar^g  should  be 
called  lignite  or  coal,  but  aa  the  latter  term  has  been  generally  used,  I  shall  retain  it.  The  sub- 
stance is  certainly  not  a  typical  lignite. 
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but  the  occturence  of  coal  or  lignite  beds  in  the  eocene  deposits  of  Western 
India  appears  to  be  local  and  occasional,  and  it  is  not  as  yet  ascertained  that  all 
sncli  deposits  are  on  the  same  horizon. 

It  will  be  well  briefly  to  describe  each  locality  separately,  and  to  commenoe 
with  Mach. 

Mach  (Much), — The  camp  known  as  Mach,  between  Sir-i-Bol&n  and  Ab-i-gam, 
is  four  marches  (abont  45  miles)  from  Quetta,  and  six  marches  (about  65  miles) 
from  Sibi.  The  elevation  above  the  sea-level  is  nearly  4,000  feet.  Hills  occur 
to  the  eastward  and  westward,  but  for  about  2  miles  east  of  the  camp,  and  for  a 
much  longer  distance  to  the  northward,  the  surface  is  nearly  a  plain,  much 
covered  by  deposits  of  gravel,  and  intersected  by  deep  ravines,  in  some  of  which 
sections  of  the  rocks  associated  with  the  coal  are  seen.  A  particnlarlj  good 
section  is  exposed  in  a  stream  bed  running  from  the  north  to  join  the  main  Bolan 
river  just  opposite  the  Mach  camp.  This  stream  is  the  Maki  Nadi  of  the  map, 
and  is,  I  think,  that  called  the  Mach  river  by  Mr.  Griesbach,  on  the  bank  of 
which  he  measured  the  sections  given  in  detail  in  his  report'.  Here  several  beds 
of  coal  occur,  but  very  few,  if  any,  of  them  exceed  a  foot  in  thickness  at  the 
outcrop^ 

The  beds  associated  with  the  coal  consist  of  grey  and  olive  shales,  weathering 
into  clay  at  the  surface,  sandstones  mostly  very  soft,  and  a  few  harder  calcareous 
beds,  containing  marine  (or  perhaps  estuarine)  fossils,  chiefly  bivalve  shells 
(Lamellihranchiatd)  in  great  abundance,  but  not  of  many  species.  The  sections 
already  mentioned  in  Mr.  Griesbach's  report  afford  a  general  idea  of  the  rocks. 

AJl  the  beds  are  greatly  disturbed,  and  in  places  irregularly  contorted,  and 
the  dips  are,  as  a  rule,  very  high,  and  frequently  nearly  or  quite  vertical. 

Precisely  opposite  to  the  camp  at  Mach,  in  the  bank  of  the  main  or  Bolan 
atream-bed,  a  thicker  seam  was  found'  after  Mr.  Griesbach's  visit.  Into  the 
outcrop  of  this  seam,  at  the  base  of  the  bank,  some  holes  had  been  made,  from 
two  of  which,  only  a  very  few  feet  apart,  coal  was  being  dug  at  the  time  of  my 
visit.  The  thickness  of  tJie  seam  exposed  was  2  feet  8  inches  in  one  hole,  2  feet 
4  inches  in  the  other,  as  nearly  as  could  be  ascertained  under  the  ciicnmstances, 
the  holes  being  small  and  irregular,  no  good  face  of  the  coal  exposed,  and  a  con- 
siderable quantity  of  water  running  in  from  the  gravel  in  the  stream  bed.  But 
of  the  thickness  named,  the  uppeimost,  6  to  8  inches,  was  very  shaly  and  impure  *i 

'  Op,  cit.,  pp.  23,  24. 

*  Many  of  the  seams  are  excessively  decomposed  at  the  oatcrop,  and  would  perhaps  piOTe 
rather  thicker  if  cot  into. 

*  By  Captain  Johnson,  Commissary  of  Ordnance.  This  officer  had  unfortnnately  left  Vteh 
before  I  arrived,  and  I  found  no  officer  stationed  at  the  post. 

*  The  following  is  an  analysis  by  Mr.  Mallet :— - 

Moisture              ...                ...  ...  ...  70 

Voktile  matter  (exclusive  of  mobture)  ...  ...  88*8 

Fixed  carbon        ...                ...  ,„  ...  17-6 

Asu                       „,                 ,,,  ,„  ...  86*6 

100-0 
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whilst  the  lower,  2  feet  or  rather  less,  were  of  better  quality.     An  analysis  of  a 

fair  sample  by  Mr.  F.  B.  Mallet  gives — 

Per  cent* 
Mmsture'  ...  ...  ...  ...     10*9 

Volatile  matter  (exclusive  of  moiBture)    ...  ...     SS'l 

Fixed  carboa        ...  ...  ...  ...     41*0 

Ash  ...  ...  ...  ...     16'0 

1000 

The  ash  is  red,  indicating  the  presence  of  iron  pyrites  in  the  coal. 

The  seam,  where  cut  into,  dips  about  50^  to  the  north.  Ten  or  12  fe^t 
above  it  is  another  mnch  thinner  bed,  and  12  feet  higher  another,  consisting  of 
seyeraJ  bands  of  coal,  measuring  in  the  aggregate  perhaps  20  inches,  distributed 
through  4  to  5  feet  of  shale.  None  of  the  separate  bands  of  coal  exceeds  6 
inches  in  thickness.     Several  other  thin  seams  occur  higher  in  the  section. 

There  is  much  reason  to  suspect  that  the  thickness  of  the  principal  seam  is 
not  nnif omu  It  appears  to  vary  in  the  few  feet  exposed,  and  so  far  as  could  ba 
learned  from  the  native  workmen,  who  had  been  engaged  in  dicing  coal  from 
it^  it  thins  out  to  the  westward.  The  associated  clays  can  be  traced  for  some 
distance,  but  no  distinct  outcrop  of  the  thick  seam  is  exposed.  In  the  opposite 
direction  to  the  east  and  north-east,  all  outcrops  are  concealed  by  the  gravel  in 
the  bed  of  the  stream* 

Shardg  or  Sharigh. — The  camp  and  milital^  post  marked  as  Shardg  on  the 
map,  but  commonly  known  as  Sharigh,  lies  at  a  distance  of  four  long  marches 
(about  70  miles)  from  Quetta,  and  of  five  marches  (about  80  miles)  from  Sibi^ 
at  approximately  the  same  elevation  (4,000  feet)  above  the  sea  as  Mach,  in  the 
middle  of  a  plain  extending  to  a  great  distance  to  the  north-west  and  south-east^ 
and  broader  than  usual,  being  probably  7  or  8  miles  from  north  to  south,  at  the 
spot  selected  for  the  camp. 

The  principal  place  where  coal  occurs  *  is  about  3  miles  south  of  the  post 
and  close  to  the  hills  forming  the  southern  boundary  of  the  plain.  A  small 
stream,  the  Siah  Dad,  running  from  the  plain,  cuts  its  way  through  the  hills 
to  the  southward,  and  close  to  the  spot  where  it  enters  the  hills  a  much  smaller 
siys^m  runs  in  from  the  west,  and  exposes  in  its  bed  an  excellent  section  of  the 
rocks,  which  are  imperfectly  seen  in  the  Siah  Dad  itself.  As  already  mentioned, 
these  rocks  are  similar  in  character  to  those  of  Mach,^soft  grey  or  olive  shales, 
more  or  less  sandy,  and  weathering  into  sandy  clays  at  the  surface,  soft  sandstones 
and  hard  calcareous  bands  containing  fossils.  All  are  vertical  or  nearly  so.  In 
a  measured  section  of  about  370  feet  of  these  strata,  there  are  about  thirty  beds 
of  coal,  the  great  majority  less  than  6  inches  thick,  and  many  only  1  or  2  inches. 
Only  four  beds  equal  or  exceed  a  foot  in  thickness,  and  of  these,  two  are  chiefly 
composed  of  shales.     The  thickest  seam  measures  1  foot  9  inches.     Fair  samples 

'  Water  that  is  driven  off  at  a  temperature  of  230**  Fabr. 

*  I  was  more  fortunate  at  Shar^  than  at  Mach>  for  at  the  former  Major  Newport,  of  tlie  24th 
Bombay  Native  Infantry,  the  dlacorerer  of  the  eofti,  fltill  oommanded  the  post  when  I  vfiited  it. 
Re  took  me  over  the  ground  and  gave  me  all  the  infonnation  in  hii  powvr. 
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of  UiiB  seam  (No,  1),  the  qualily  of  wUch  is  superior  to  that  of  most  of  the 
others,  aod  of  a  thinner  band  8  inches  thick  (No.  2),  haye  been  analysed  bj 
Mr.  F.  B.  Mallet  with  the  following  result :— - 

No.  1.  Ko.  2. 

Moifltare 6'8  3*0 

Volatile  matter  (ezdmiTe  of  moistare)       .    40*8  42*8 

Fixed  carbon 47*6  46*1 

Aab 48  81 


lOO'  100^ 

No.  1  does  not  cake,  and  yields  a  red  ash  ;  No.  2  cakes  to  a  light  porous  coke,  and 
.  yields  a  red  ash. 

In  another  spot,  three  quarters  of  a  mile  further  north,  and  consequently  nearer 
to  the  camp  at  Shardg,  the  outcrops  of  seyeral  thin  coal  seams  are  seen  in  tbe 
banks  of  a  stream  bed.  The  coal-bearing  rocks  are  probably  the  same  as  tbose 
to  the  south,  repeated  by  a  roll  of  the  strata.  Again,  the  dip  is  nearly  vertical. 
One  bed  of  coal  was  seen  a  foot  thick,  and  of  good  quality.  It  was  possible  to 
trace  the  outcrop  of  this  seam  on  the  surface  of  the  ground  for  about  350  yards 
by  the  aid  of  a  conspicuous  band  of  highly  f  ossilif  erous  sandstone  abounding  in 
^biyalve  shells,  and  occurring  just  above  the  coal.  Within  the  distance  named, 
the  thickness  of  the  coal  seam  diminished,  until  it  was  only  represented  bj  a 
layer  or  two,  scarcely  an  inch  thick,  in  carbonaceous  shale.  This  was  the  onlj 
instance  in  which  the  outcrop  of  a  coal-bed  could  be  traced  more  than  a  few 
yards,  and  it  affords  strong  presumption  of  the  inconstancy  in  thickness  of 
these  seams,— an  inconstancy  which  has  been  observed  in  similar  deposiis 
amongst  the  eocene  rocks  of  other  parts  of  India  and  Burma. 

The  country  around  Shar&g  has  been  searched  in  all  directions  by  Major 
Newport  without  any  other  outcrops  having  been  found.  But  about  7  miles 
east-south-east  of  Shar&g,  on  the  road  to  Hamai,  three  little  seams  are  exposed 
200  or  300  yards  north  of  the  road  in  a  small  stream  running  from  the  north. 
One  of  the  seams  is  7  inches  thick,  the  others  1  to  2  inches.  A  little  further 
on  the  Hamai  road,  a  thin  coaly  layer  is  seen  by  the  road  side.  Again,  on  the 
same  road,  about  3  miles  east.490uth.east  of  a  small  village  called  Nasnk,  and 
12  ndles  from  Shar&g,  in  a  section  cut  by  a  small  stream  close  to  the  road,  and 
on  the  north  side  of  it,  four  little  seams  are  seen,^the  two  upper  mere  layers,  the 
third  8  inches  thick,  and  the  fourth,  separated  by  5  inches  of  clay  from  the 
third,  3  inches  in  thickness.  In  all  these  cases  the  beds  are  nearly  horizontal 
These  outcrops,  all  observed  in  the  course  of  a  single  march  along  the  road,  render 
it  highly  probable  that  many  more  would  be  discovered  if  a  thorough  exploration 
of  the  country  were  undertaken ;  but  at  the  same  time  they  do  not  add  to  the 
probability  of  thicker  beds  of  coal  being  found. 

The  details  given  above  lead  to  the  following  conclusions  :-— 
1.  Not  a  single  seam  has  been  discovered,  either  at  Mach  or  Shar^,  thick 
enough  to  pay  for  mining  on  a  large  scale,  oven  if  the  thickness  of  the  seam  wero 
known  to  be  constant,  and  if  other  circumstances  were  favourable  to  mining,— 
neither  being  the  case. 
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2.  The  evidence  is  yery  imperfect,  but  so  far  as  it  extends,  it  appears  probable 
that  the  seams  are  inconstant  in  thickness,  and  thin  out  wifchin  short  distances. 

3.  The  conditions  nnder  i^hich  the  seams  occur  at  Mach  and  Shar&g  are  nn* 
fayonrable  to  mining,  though  not  such  as  to  render  it  impracticable.  In  the  first 
place,  the  beds  dip  at  high  angles  and  are  often  vertical.  There  is,  however, 
much  probability  that  by  search  other  localities  might  be  found  where  the  dips 
are  moderate,  as  in  the  case  of  the  little  seams  noticed  between  Hamai  and  Shardg. 
Secondly,  the  associated  rocks  are  so  soft  that  mining  would  involve  the  necessity 
of  heavy  timbering  or  of  masonry  to  protect  the  means  of  access  to  the  mine. 

4.  The  analyses  given  above,  and  especially  those  of  the  Shardg  coals,  show 
that  the  mineral  found  would  be  of  considerable  value,  if  it  could  be  procured  in 
sufBcient  quantity.  It  should  be  remembered  that  the  specimens  analysed  are 
taken  from  the  outcrop^  and  that  at  a  little  depth  below  the  surface  the  quality 
of  the  coal  would  in  all  probability  be  better. 

A  railway  could  be  worked  with  such  fuel,  although  the  work  done  would  be 
less  than  that  yielded  by  coal  containing  a  larger  proportion  of  fixed  carbon.  The 
quantity  of  iron  pyrites  in  the  different  seams  is  probably  variable,  but  in  those 
especially  examined,  it  does  not  seem  sufficient  to  prevent  the  coal  being  used 
for  a  railway. 

It  is  evident  that  a  considerable  quantity  of  useful  fuel  for  local  purposes  can 
be  procured  from  the  outcrops  of  the  seams.  So  far,  however,  as  can  be  judged 
from  the  facts  hitherto  known,  the  supply  obtainable  is  insufficient  for  a  large 
work  such  as  a  railway. 

New  faces  observed  on  Crystals  of  Stilbite  from  the  Western  Gh&ts,  Bombay ;  hy 

F.  R,  Maxlet,  F.G.S.,  Geological  Survey  of  India, 

During  the  construction  of  the  Great  Indian  Peninsular  Bailway,  when  very 
heavy  cuttings  and  tunnels  were  being  driven  through  the  trappean  rocks  of  the 
Bhor  and  Thul  OhAts,  magnificent  specimens  of  zeolites  were  brought  to  light  in 
great  profusion.  The  species  occurring  most  abundantly  were  stilbite,  apophjllite, 
heulandite,  and  scolecite,  all  of  which  were  represented  by  splendid  crystalliza- 
tions^  Large  collections  were  made  at  the  time  by  Mr.  W.  T.  Blanford  for  the 
Geological  Museum,  where  the  finest  specimens  are  now  included  in  the  system- 
atic collection  of  minerals. 

Most,  if  not  all,  of  the  stilbite  specimens  fall  under  one  or  other  of  four 
iypea^:— 

Xst. — Salmon-coloured  crystals,  generally  of  considerable  size— very 
commonly,  for  instance,  an  inch,  and  sometimes  two  inches  across  (in  the 
direction  oc  I*  oc).  They  have  the  faces  oc  'P  oc.  oc  P  oc.  P.,  and  are  not  un- 
commonly somewhat  (but  not  highly)  sheaf-like,  from  the  aggregation  of  simple 
crystals  into  compound  ones.  They  are  generally  (but  not  always)  implanted  by 
one  end,  and  hence  usually  present  only  one  pyramidal  termination.  Crystals  of 
this  type  are  frequently  thickly  grouped,  occurring  either  alone,  or  with  apophyl- 

^  Manual  of  the  Geology  of  India,  p.  804. 

'  Excluding  lamellar  BpecimenB,  in  which  the  ciVstallization  is  obscnre. 
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liie,  whicli  not  uncommonlj  takes  the  form  of  minute  crystals  implanted  on  the 
surface  of  the  stilbite.  Quartz,  &o.,  is  also  found  in  the  same  association,  hut 
not  so  frequently.  In  other  cases  the  stilbite  occurs  in  isolated  crystals  of  the 
type  m  question,  being  then  very  usually  associated  with  large,  thickly  grouped, 
crystals  of  apophyllite. 

2nd. — Highly  sheaf-like  forms,  sometimes  so  much  so  that  viewed  on  the 
face  oc  P  oc  they  hare  the  appearance  of  a  fan,  or  in  the  comparatiyely  rare 
cases  where  both  ends  of  the  crystal  are  free,  of  two  fans  with  the  points 
together  :  the  crystals  are  commonly  of  considerable  size,  averaging  say  one-Li^ 
to  one  inch  across.  They  are  generally  thickly  grouped,  but  sometimes  occur 
singly.  They  occur  either  alone,  or  associated  with  heulandite,  apophyllite^ 
scolecite,  or  with  crystals  of  the  third  iype. 

Zrd, — Thin  tabular  crystals  of  comparatively  small  size  (more  commonly  a 
quarter  to  an  eighth  of  an  inch  across,  sometimes  much  less)  ;  non-sheaf-Iike, 
or  very  slightly  sheaf-like  in  form,  and  exhibiting  the  combinations  ex  r  oc. 
oc  P  oc.  P.  and  oc  I*  oc.  oc  I*  oc.  oc  P.  P.  They  occur  alone,  and  with  apophyllite, 
heulandite,  scolecite,  and  perhaps  other  minerals.  In  one  case  small  ciystals  of 
this  kind  were  observed  implanted  on  large  ones  of  the  first  type,  showing  that  the 
former  were  of  later  formation.  The  crystals  of  the  second  and  third  types  are 
white. 

The  crystals  of  the  fourth  kind,  which  are  by  far  the  least  oommon,  occur 
on  the  surfaces  of  cavities  which  are  lined  by  minute  crystals  of  quartz.  No 
other  zeolites  are  associated  with  them  (except  in  one  specimen 'which  indades 
apophyllite).  They  are  salmon-coloured ;  of  considerable  size,  averaging  say  half 
an  inch  across ;  generally  tabular  and  non-sheaf -like,  or  very  slightly  sheaf-like 
in  form.  Qenerally  they  present  the  faces  oc  t  oc.  oc  P  oc.  oc  P.  P.,  but  in  some 
there  is  also  a  face  replacing  the  edge  between  oc  ]^  oc  and  P.  The  parallelism  of 
the  edges  between  tJiis  face  and  oc  f^  oc.  &  P.,  respectively,  shows  that  the  formula 

for  the  face  in  question  is  m  f*  m.  Strise  and  irregn- 
larities  on  oc  t^  oc.  and  P.  prevent  more  than  ronghly 
approximate  angular  measurements.  For  m  1^  m  A  P- 
the  value  162°J^  was  obtained.  A  more  reliable  result^ 
however,  can  be  deduced  from  the  observation  that  the 
plane  angles  formed  by  the  edge  between  m  1^  m.  &  oc  P. 
with  the  edges  between  m  P  m.  &  oc  f^  oc.  and  m  I'm.  ds 
P.  (all  of  which  edges  are  straight  and  sharply  defined) 
are  either  right  angles  or  extremely  close  approximations 
thereto.  Assuming  them  to  be  actually  right  angles  the 
calculated  value  of  m  1?  m  A  P.  is  164°  36',  giving  a 
value  for  m  of  2*5098,  or  a  close  approximation  to  j. 
Taking  m  at  -f,  the  value  of  the  angle  m  I'  m.  A  P*  ^ 
154°  41,  the  plane  angles  formed  by  the  edge  between 
m  I'  m.  &  oc  P.  with  the  edges  between  m  1?  m.  &  oc 
*^*  t^  oc.  and  m  t>  m.  &  P.,  respectively,  being  90°  8'  and 

89°  52'. 
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The  value  of  the  following  angles  therefore 

1 1>  f .  A  P.=154°  41'. 
|]f»f  A  cx:t'cx:.=146°4r. 

On  one  crystal  there  is  also  a  face  m  t^  m  replacing  the  edge  between  |  1 1 
Qjid  oc  1^  oc.  The  yalue  of  m  is  much  greater  than  f,  but  owing  to  the  position  of 
the  crystal  in  a  cavity,  it  is  impossible  to  get  even  a  rough  measurement  of  the 
angles  between  m  I'  m  and  the  adjacent  faces,  without  destroying  the  specimen. 

Professor  Heddle  has  noticed  the  occurrence  of  a  face  replacing  the  edge 
between  oc  ^  oc.  and  P.  on  crystals  of  stilbite  from  Dumbartonshire,  and  from 
near  Mount  Nombi  in  Australia.  He  obtained  the  value  149°  45'  to  160°  for  the 
angle  m  {*  m.  A  oc  t^  oc.  in  the  Scotch  specimens,  and  152°  32'  to  153°  in  the 
Australian.  These  results,  however,  he  considered  little  better  approximations, 
and  he  felt  little  doubt  that  the  face  was  the  same  in  the  specimens  from  both 
localities^.  The  angles  149°  45'  and  153°  respectively  give  a  value  for  m  of 
2*9266  and  33497,  the  angle  when  m  equals  3  being  150°  22'.  The  probability 
therefore  would  seem  to  be  that  the  face  noticed  by  Professor  Heddle  is  difEerent 
from  that  on  the  Indian  specimens. 

The  total  number  of  faces,  which,  as  far  as  I  have  been  able  to  ascertain, 
have  hitherto  been  noticed  on  stilbite,  are,  oc  1?  oc.  oc  P  oc.  oc  P.  P.  0  P., 
which  are  given  in  all  mineralogical  works ;  f  t^  oc.  noticed  by  Des  Gloizeauz 
on  crystals  from  Bergen  Hill  (New  Jersey)*;  m  t*  m  (3  t*  3  ?)  recorded  by 
Heddle ;  1 1*  |  and  m  t  m  (m  having  a  high  value)  on  crystals  from  the  Western 
Gh^ts. 


On  the  traps  o/ Darang  and  Mandi  in  the  North-West  Himalayas, — By  Colonel 

0.  A.  McMahok,  F.Q.S.  (with  two  plates). 

The  occurrence  of  intrusive  traps  in  the  lower  Himalayas  is  mentioned  at 
pages  21  and  70,  Vol.  Ill,  Memoirs,  Geological  Survey,  and  at  pages  Ivii  and 
606,  Manual  of  the  Geology  of  India,  whilst  notices  of  the  trappean  rocks  of 
Darang  (  Drang )  and  Mandi  will  be  found  at  pages  58,  59,  and  61  of  Vol.  Ill 
Ft.  2  of  the  Memoirs. 

Doubts  have  at  different  times  been  expressed  regarding  the  origin  and  nature 
of  the  traps  described  in  this  paper.  At  one  time  there  was  a  tendency  to  regard 
them  as  metamorphic  rocks ;  and  although  in  the  passages  referred  to  they  are 
spoken  of  as  '  traps,'  and  are  described  as  occurring  along  a  definite  horizon,  they 
do  not  appear  to  have  hitherto  been  recognised  as  true  lavas.  The  microscope,  I 
think,  enables  us  to  set  any  doubts  upon  this  point  at  rest. 

I  have  examined  26  slices^  of  the  trap,  of  which  the  ridge  to  the  east  of 
Darang  is  composed,  and  9  slices  of  the  trap,  in  the  same  line  of  strike,  exposed 
in  the  bed  of  the  Suketi  at  Mandi. 

*  Hinerftlogical  Magaane,  Vol.  IV,  p.  44. 
^  Manuel  de  Min^alogie,  Tome  I,  p.  416. 

*  Prepared  for  me  by  Mr.  P.  G,  Cuttell,^  62,  New  Compton  Street,  Soho,  whose  workmanship 
leaves  nothing  to  be  desired. 
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It  would  be  wearisome  to  the  reader  were  I  to  describe  each  of  these  slices,  bnt 
I  think  it  desirable  to  describe  several  typical  specimens  in  some  detail,  and  this 
I  now  proceed  to  do. 

No.  I. — A  greenish-grej  rock :  specific  gravity  2*89.  It  has  rather  a  mottled 
appearance  under  the  pocket  lens,  owing  to  the  alteration  of  a  portion  of  its 
mineral  contents  into  delessite,  or  a  mineral  approximating  to  delessite.  A  portion 
of  the  rock  is  soluble  in  hydrochloric  acid,  and  the  dissolved  portion'  contains 
both  ferric  and  ferrous  oxide.     A  few  crystals  of  iron  pyrites  are  to  be  seen. 

Appearances  under  the  microscope, — ^This  slice  may  be  described  as  a  net-^vrork 
of  felspar  and  augite  crystals  set  in  viridite,  which  in  part  appears  to  r^resent 
the  original  glassy  base^. 

There  are  numerous  crystals  of  augite  scattered  through  the  slice.  Portaons 
of  each  of  these  crystals  have  been  altered  into  brownish-green  granular  matter. 
The  portions  which  have  escaped  alteration  are  clear  and  colourless  in  tarans* 
mitted  light  and  polarise  fairly  well.  They  are  not  dichroic ;  several  of  the 
cxystals  are  twinned,  and  many  of  them  exhibit  the  orthodiagonal  cleavage  lines 
very  distinctly. 

Most  of  the  felspar  crystals  exhibit  the  characteristic  twinning  of  triolinic 
felspar  in  polarised  light,  and  their  optical  properties  agree  with  those  of  lalyu- 
dorite.  Alteration  has  been  set  up  in  the  felspar,  and  has  declared  itself  by 
the  presence  of  granular  matter  in  the  body  of  the  crystals. 

The  grouping  of  the  felspar  crystals,  and  the  general  effect  of  the  slice  whosi 
seen  by  transmitted  light,  is  illustrated  in  fig.  1,  plate  I.  It  is  very  characteris- 
tic of  an  eruptive  rock. 

The  viridite,  in  this  slice,  is  of  pale  green  colour.  It  is  feebly  dichroic  in 
patches,  and,  for  the  most  part,  remains  dark  between  crossed  nicols.  It  exhibits 
little  or  no  fibrous  or  radiating  structure. 

Scattered  through  the  mass  is  some  white  mineral  matter  that  is  perfectly 
opaque  in  transmitted  light,  and  which,  from  its  appearance  and  mode  of  occur- 
rence, is  I  think,  leucoxene,  a  product  of  the  alteration  of  Omenite. 

No.  2. — A  greenish-grey  rock.  Specific  gravity  2*90.  It  has  a  slightly  mot- 
tled look  under  the  pocket  lens,  but  minute  prisms  and  irregular  crystals  of 
felspar  are  visible  in  it  here  and  there. 

Microscopic  aspect, — The  most  prominent  objects  in  the  slice  are  the  czystals 
of  fokpar,  of  various  sizes  and  shapes,  starred  about  in  the  field  of  the  micro- 
scope. The  great  majority  are  distinctly  seen  to  be  crystals  of  triclinic  felspar,  and 
the  others  appear  to  belong  to  that  system  also.  They  are  in  fairly  fresh  condi- 
tion. Fig.  2,  plate  I,  is  a  representation  of  a  portion  of  this  rock,  as  seen  under 
the  microscope  by  transmitted  light. 

Those  who  are  not  familiar  with  the  subject  of  microscopic  petrology,  may  be 
surprised  to  find  that  the  prisms  of  felspar,  represented  in  these  illustrations,  do 
not  present  more  regular  forms.  It  must  be  remembered,  however,  that  the  princi- 
pal axis  of  crystals  in  an  igneous  rock  usually  point  indifferently  .in  all  directions, 

'  Thig  supposition  is  confirmed  by  an  examination  of  the  basalts  of  Bombay,  to  be  described 
in  my  next  paper.  In  the  Bombay  lavas  tbe  conversion  of  the  base  into  viridite  can  be  distiitctly 
traced. 
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and  a  slice  made  at  random  cats  the  crystals  contained  in  the  matiiz  in  every 
conceivable  direction.  For  instance,  in  fig.  10,  plate  II,  supposing  a  slice  of  the 
crystal  therein  represented  were  made  in  the  direction  from  a  to  1^,  the  t>utlino  ot 
the  section,  as  seen  in  the  field  of  the  microscope,  wonld  present  a  considerable 
modification  of  the  true  shape  of  the  crystal. 

Other  causes  also  operate  to  prodtioe  irregularities  of  shape.  Crystals  form, 
ing  in  the  proximity  of  other  crystals  appear  to  be  sometimes  stunted  in  their 
growth  owing  to  crowding;  whilst  the  difPerunt  degrees  of  crystallographio 
energy  with  which  the  constituents  of  different  minerals  come  together  appear  to 
exercise  more  or  less  infiaence  on  crystals  forming  in  their  yicinity^  The  want 
of  perfect  molecular  freedom,  when  an  eruptive  rock  is  rapidly  cooled  at  the 
surface  of  the  earth's,  crust,  must  also  affect  the  results.  This  freedom  of  mole- 
cular action  becomes  less  and  less  as  the  cooling  proceeds  ;  hence  crystallisation 
is  often  arrested  before  the  outward  form  of  a  crystal  is  finished ;  portions  of  the 
magma  are  cooled  before  the  chemical  elements  contained  therein  have  had  time 
to  combine  to  form  crystals — ^leaving  here  and  there  what  is  termed  a  "  glassy 
base."  The  molecules  of  other  crystals,  again,  coming  together  with  energy,  and 
being,  so  to  speak,  pressed  for  time,  catch  up  portions  of  the  glassy  base  and 
small  crystals  of  other,  previously  formed,  minerals,  and  enclose  them  in  their  own 
substance. 

Another  cause  to  which  irregularities  of  outward  shape  are  due,  is  the  altera- 
tion which  minerals  undergo,  after  the  consolidation  of  the  rock,  by  the  passage 
through  it  of  acid  and  heated  water.  Cracks  are  formed  both  in  the  body  of  the 
rock,  and  in  individual  crystals,  by  the  contraction  due  to  cooling  and  to  crystal- 
lisation, and  idong  these  fissures  heated  and  acid  water,  or  steam,  penetrates ; 
chemical  action  is  set  up,  and,  amongst  the  results,  the  outward  form  of  crystals 
is  often  much  altered. 

The  slice  under  consideration  contains  a  good  specimen  of  those  radiating  and 
cruciform  groups  of  felspar  crystals  which  are  so  characteristic  of  eruptive  rocks. 
Some  of  the  radiating  prisms  exhibit  the  twinning  characteristic  of  triclinic 
felspars.  The  twins  appear  to  be  arranged  in  groups,  in  each  prism,  and  the 
whole  combined  as  penetration  twins.  A  sketch  of  one  of  these  groups  is  given 
at  ^f^.  1,  plate  II. 

No.  3.— A  greenish-grey  compact  rock.     Specific  gravity  2'93, 

Microscopic  aspect. — This  slice  contains  numerous  felspar  prisms  pointing  in 
all  directions.  Most  of  them  are  distinctly  seen  to  belong  to  the  triclinic  system. 
Numerous  instances  of  stellate  grouping  of  felspar  prisms  occur  in  this  slice. 
One  of  them  is  depicted  at  fig.  2,  plate  II.  Alteration  has  been  set  up  in  the 
felspar,  and  shows  itself  by  the  formation  of  granular  matter  and  patches  of 
viridite  in  the  interior  of  the  crystals. 

Fields  of  pale  amorphous  viridite  are  abundant  in  the  slice,  and  in  them  are 
located  multitudes  of  epidote  crystals,  many  of  them  presenting  good  characteristic 
crystallographio  forms.  They  are  principally  located  round  the  margins  of  the 
viridite  fields. 

The  remains  of  augite  crystals  are  to  be  distinctly  made  out,  but  they  hav« 
all  been,  more  or  less,  converted  into  a  greenish-brown  non-dichroic  substance. 


168  Records  of  lie  Geological  Survey  of  India,  [vol.  XT, 

Portions'of  tlie  slice  here  and  there  are  obscured  by  an  alteration  prodact, 
white  in  reflected  and  purplish  black  in  transmitted  light. 

Nos.  4  and  6. — A  dull  g^enish,  or  greenish-grey,  compact  rock,  weathering 
light  brown.  Specific  gravity  2*83.  Under  the  poeket  lens  it  has  a  somewhat 
mottled  appearance. 

Microscopic  eurpec^.— The  slice  consists  of  crystals  of  felspar  and  augite  stancd 
about  in  what  represents  the  original  base  or  magma.  This  probably,  as  seen  io 
many  basaltic  rocks — in  the  Bombay  basalts  and  some  Yesuvian  lavas  for 
instance — was  originally  full  of  minute  grains  of  magnetite  or  ihnenite  and 
imperfectly  oxystallised  matter,  and  this  has  been  changed  into  an  alteratioii 
product  which  exhibits  no  crystallographio  form.  It  is  white  in  reflected  aod 
opaque  in  transmitted  light. 

Augite  in  this  slice  is  very  abundant ;  twinning  is  conunon  in  it ;  sometimes 
the  orthodiagonal  cleavage  lines  are  very  distinct,  whilst  in  other  ciystals  the 
characteristic  intersection  of  the  prismatic  cleavage  lines  is  well  seen. 

The  unaltered  portions  of  the  augite  are  fresh  and  polarise  well,  but  much  of 
it  has  been  transformed  into  a  brownish-green  substance. 

Fig.  4,  plate  II,  is  an  illustration,  taken  from  slice  No.  4,  of  the  way  in  whieh 
the  augite  crystals  have  been  eaten  up  and  converted  into  this  substance.  The 
fragments  shown  in  the  iUustration  appear  to  represent  the  remains  of  a  group 
of  augite  crystals  originally  in  close  juzta-position  to  each  other,  but  which 
have  now  been  split  up  into  a  little  archipelago  of  augite  fragments.  The  altera- 
tion which  has  taken  place  in  these  cases  can  be  distinctly  traced  to  the  passage 
of  water  along  cracks,  and  the  alteration  can  be  seen  in  all  its  stages  in  the  slices 
under  consideration. 

Fig.  7,  plate  II,  represents  a  twinned  augite  in  slice  No.  4,  in  which  great 
irregularity  of  outward  form  has  to  some  extent.,  at  ai|y  rate,  been  produced  by 
the  corrosive  agency  of  acid  water,  but  in  which  internal  alteration  through 
cracks  has  not  proceeded  as  far  as  in  fig.  4.  Under  the  microscope  the  dark  lines 
which  traverse  the  crystal  are  distinctly  seen  to  be  little  canab  filled  with  the 
products  of  aqueous  alteration. 

In  many  cases  the  alteration  of  the  augite  has  resulted  in  the  formation  of 
mica.  Fig.  5,  plate  II,  is  an  illustration  of  a  case,  taken  from  the  slices  under 
consideration,  in  which  part  of  an  augite  crystal  (a),  the  external  outline  of  which 
has  been  rendered  irregular  by  its  change  into  a  greenish  substance,  has  been  con- 
verted into  mica,  as  at  6 ;  whilst  another  portion  (c)  appears  to  be  in  process  of 
conversion  into  this  mineral.  Another  illustration  is  given  at  fig.  6,^late  II,  also 
taken  from  one  of  these  slices,  in  which  small  fragments  of  augite  are  seen  to  he 
encased  in  mica.  Doubtless  the  latter  is  an  alteration  product,  resulting  from  the 
change  of  a  large  augite  crystal,  small  fragments  of  which  escaped  conversion. 
The  little  canal-like  cracks  through  which  the  corroding  liquid  originally  gained 
access  to  the  heart  of  the  augite,  are  still  visible,  and  an  attempt  to  represent 
them  has  been  made  in  the  sketch. 

Mica  is  scattered  about  rather  plentifully  in  these  slices,  and  in  transmitted 
light,  it  varies  in  colour  from  red  to  green. 
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Bischof  ^  alludes  to  the  conversion  of  angite  into  a  brownish,  or  leek  green,  mica. 
Some  angites  contain  as  much  as  11*05  per  cent,  of  alumina  (J.  D.  Danas'  "  System 
of  Mineralogy")  ;  whilst,  according  to  the  same  anthority,  some  micas  contain  as 
little  as  9*27  per  cent,  of  that  constituent.  All  that  seems  essential  for  the 
conTersion  of  the  one  mineral  into  the  other,  is  a  removal  of  a  large  proportion  of 
the  lime  from  the  angite  and  the  introduction  of  the  alkaline  element— a  process 
which  one  can  readily  understand  taking  place  in  the  "  wet-way.^' 

The  felspar  crystals  have  been  so  kaolinised  and  altered  that  all  trace  of  twin- 
ning has  been  obliterated. 

I  have  detected  one  small  prism  of  hornblende.  It  is  probably  an  alteration 
product. 

No.  6. — A  compact  grey  rock  faintly  tinged  with  green.     Specific  gravity  2*92. 

Microscopic  aspect. — The  base  has  been  converted  partly  into  an  amorphous 
substance,  bluish-white  in  reflected  and  olive  green  in  transmitted  light,  and 
partly  into  granular  viridite.  In  this  base  felspar  crystals  are  scattered  about  in 
immense  profusion,  some  in  minute  needle-shaped  prisms,  and  others  in  prisms 
of  some  size.  A  large  proportion  of  them  exhibit  the  .characteristic  twinning 
of  triclinio  felspar.  Some  of  the  medium-sized  crystals  have  caught  up  portions 
of  the  base  in  the  act  of  crystallisation,  and  the  portions  so  included  conform  to 
the  shape  of  the  felspar  prisms. 

The  slice  contains  some  good-sized  crystals  of  epidote. 

No.  7. — A  grey,  compact,  amygdaloidal  rock.  Specific  gravity  2*88.  The  cen- 
tres of  the  amygdala  consist  of  quartz,  the  inner  lining  being  sometimes  composed 
of  epidote.  Epidote  is  also  seen  to  line  cracks  and  to  abound  in  the  vicinity  of  the 
amygdala.r 

Microscopic  a«pec^.— The  slice  consists  of  countless  felspar  prisms,  starred 
about  in  a  felspathic  cryptocrystalline  base.  A  large  proportion  of  the  felspar 
exhibits  the  twinning  peculiar  to  triclinic  felspar.  A  considerable  amount  of 
epidote  is  seen  dotted  about  in  small  granules  and  in  meandering  lines.  Here 
and  there  patches  of  viridite  are  seen  throughout  the  base. 

Amygdaloidal  cavities  occur  here  and  there,  filled  with  quartz,  epidote,  and 
delessite.  The  quartz  is  greatly  crowded  with  a  fine  dust  of  opaque  matter,  which, 
on  the  application  of  high  powers,  is  seen  to  consist  of  a  multitude  of  extremely 
minute  gas  and  liquid  cavities. 

A  sketch  of  one  of  the  stellate  groups  of  felspar  crystals  before  alluded  to, 
contained  in  this  slice,  is  given  at  fig.  9,  plate  II.  The  illustration  shows  the 
appearance  of  the  group  in  polarised  light  with  crossed  nicols. 

For  the  sake  of  comparison,  I  have  given  at  fig.  8,  plate  II,  a  sketch  of  a 
triclinic  felspar  group  taken  from  a  slice  of  domite,  in  my  possession,  made  from 
a  specimen  collected  by  me  on  the  Puy  de  Dome,  Auvergne.  All  the  radiating 
prisms  are  seen  in  polarised  light  to  be  many  times  twinned,  but  they  are 
arranged  in  groups  which  simulate  the  twinning  of  the  Carlsbad  type. 

I  have  often  observed  this  peculiarity  in  plagioclase,  and  it  appears  to  be 
produced  by  one  set  of  twins  being  thick  at  one  side  of  the  prism  and  thin  at 
the  other  side ;  whilst  the  second  set  of  twins  are  thick  on  the  side  in  which 
the  first  set  are  thin,  and  thin  on  the  side  in  which  the  first  set  are  thick.     The 

1  Chemical  Geology,  VoL  II,  p.  826. 
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effect  of  tbis  peculiar  arraDgement  therefore  is,  that,  when  viewed  in  polarised 
light,  one-half  of  the  prism  appears  almost  wholly  dark,  whilst  tlie  other  half 
exhibits  an  almost  nnbroken  sheet  of  colour ;  the  twins  which  at  that  azimuth 
snffer  extinction  of  light  being  rerj  thin  relatively  to  the  twins  which  at  that 
azimnth  polarise  in  more  or  less  brilliant  colours. 

This  arrangement  may  be  traced  in  ^g.  8  sufficiently,  perhaps,  to  make  mj 
meaning  clear ;  but  I  have  attempted  in  this  sketch  to  reproduce  the  general 
effect,  as  far  as  that  can  be  given  in  black  and  white,  rather  than  these  minute 
details  of  structure. 

Thionghout  the  base  are  scattered  granules  of  black  opaque  matter  that 
appears  to  be  magnetite  arrested  in  the  act  of  crystallisation.  A  sketch  of  one 
of  these  granules,  as  seen  with  the  aid  of  somewhat  high  power,  is  given  at 
fig.  11,  plate  II.  Forms  of  this  kind  appear  to  me  to  indicate  that  the  rock 
cooled  rapidly  under  conditions  that  interfered  with  the  molecules  of  the 
ferriferous  mineral  coming  together  in  the  form  of  a  regular  crystal.  As  pointed 
out  by  Dr.  Sorby,  there  is  a  strong  tendency  on  the  part  of  crystals  formed  in 
slags  to  assume  skeleton  forms,  and  I  have  noticed  that  salts  crystallised  rapidly 
on  a  glass  slide  very  frequently  assume  the  sort  of  skeleton  form  shown  in 
fig.  II,  instead  of  regular  crystals ;  each  salt,  speaking  broadly,  having  its  own 
pattern.  Skeleton  crystals  of  magnetite,  similar  to  those  occurring  in  these  rocks, 
appear  to  be  very  characteristic  of  volcanic  rocks  and  furnace  slags  ^. 

A  few  flakes  of  a  reddish  mica  are  to  be  seen  in  this  slice. 

No.  8. — A  grey,  compact,  amygdaJoidaJ  rock.  Specific  gravity  2'84.  A  red- 
dish mica  is  seen  here  and  there  in  amygdaloidal  cavities,  associated  with  the 
other  minerals  therein. 

Microscopic  charcuitere, — Prisms  of  felspar,  much  of  which  is  distinctly  seen 
to  be  triclinic,  are  scattered  about  in  a  felspathic  base.  Amongst  the  felspar  a 
striking  case  of  cruciform  penetration  twins  is  to  be  seen.  The  two  arms  of 
the  cross  intersect  at  an  angle  of  85°. 

A  considerable  proportion  of  the  base  is  represented  by  minute  patches  of 
viridite,  partly  fibrous  and  partly  granular.  Scattered  through  it>  there  is  a 
considerable  amount  of  opacite  in  granules,  representing,  I  apprehend,  imper- 
fectly formed  magnetite.  It  is  similar  in  character  and  appearance  to  that 
described  in  slice  No.  7. 

The  amygdaloidal  spaces  are  plugged  with  quartz  and  viridite.  In  some,  the 
viridite  is  seen  by  itself ;  in  others  an  intergrowth  of  the  two  has  taken  place, 
granules  of  quartz  being  surrounded  by  the  viridite  in  some  cases,  and  in  others, 
numerous  patches  of  viridite  of  various  sizes  and  shapes  being  included  in  the 
qua.rtz. 

The  viridite  is  in  some  places  amorphous,  and  in  others,  in  radiating  or  sheaf- 
like bundles  of  fibres.  I  believe  it  is  in  part  delessite  and  in  part  chlorite. 
Bound  the  margins  of  the  chloritic  inclosures  in  the  quartz  it  passes  into  the 
vermicular  form  of  pro-chlorite. 

The  quartz,  which  occurs  both  in  the  amygdaloidal  cavities  and  filling  what 
were  apparently  fissures,  contains  many  flakes  of  a  reddish  mica.     The  quartz  is 

>  Rutlcy's  Study  of  Rocks,  p.  154. 
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remarkable  for  containing  numerous  yeiy  minnte  ronnded  liquid  cavities  with 
moveable  bubbles. 

From  the  fact  that  the  quartz  occurs  in  the  amygdaloidal  cavities  and  from  its 
intimate  intergrowth  with  the  delessite,  I  see  nothing  to  support  the  supposition 
that  it  is  of  fragmentary  origin  and  has  been  brought  up  with  the  lava  stream 
from  below.  On  the  other  hand,  though  liquid  cavities  are  very  common  in  the 
quartz  of  granite  and  quartz-porphyries,  I  am  not  aware  of  their  having  been 
before  observed  in  quartz  plugging  amygdaloidal  cavities.  Dr.  Sorby  mentions 
a  solitary  case  of  liquid  cavities  having  been  found  in  some  trachyte  of  solid 
character  at  Ponza^  which  appears  to  have  been  formed  under  considerable 
pressure.  They  are,  however,  very  common  in  quartz  veins,  and  to  their  presence 
principally.  Dr.  Sorby  attributes  the  usual  whiteness  of  vein  quartz.  The  quartz 
under  consideration  is  of  dull  white  colour  and  it  probably  owes  its  opacity  and 
whiteness  to  the  same  cause.  The  presence  of  the  liquid  cavities  in  the  quartz 
of  slice  No.  7,  and  in  that  under  consideration,  may,  I  think,  be  explained  on  the 
supposition  that  the  lava  stream  after  solidification  was  covered  over  for  a  con- 
siderable thickness  by  other  lava  streams,  or  by  stratified  deposits,  and  that  the 
plugging  of  the  cracks  and  the  amygdaloidal  cavities  was  accomplished  with  the 
aid  of  highly  heated  water  or  steam  under  pressure. 

There  is  a  great  thickness  of  trap  exposed  at  Darang. 

Nos.  9  &  10. — A  greenish-grey  rock  with  numerous  amygdaloidal  cavities ; 
Sp.  G.  2-77». 

JUicroscopic  aspect. — The  amygdaloidal  cavities  contain  scolecite.  The  inner 
kernel  of  some  is  formed  of  calcite,  whilst  fissures  in  the  scolecite  are  filled  with 
this  mineral.  The  study  of  these  amygdala  under  the  microscope  affords  an 
illustration  of  how  one  might  often  be  misled  by  a  chemical  analysis.  Viewed 
macroscopically  the  calcite  would  probably  escape  observation  altogether. 

The  base  is  cryptocrystalline,  and  it  contains  multitudes  of  tufts  of  a  fibrous 
chloritic  mineral.  Numerous  small  patches  of  viridite  are  also  to  be  seen  scattered 
through  the  mass.  There  are  patches  of  a  greenish  mica  both  in  the  matrix  and 
the  amygdala. 

Granular  epidote  is  plentiful.  A  fine  group  of  epidote  crystals  is  imbedded 
in  the  scolecite. 

The  stellar  arrangement  of  the  felspar  crystals  may  still  be  traced,  but  the 
felspar  is  a  good  deal  altered,  and  no  distinct  indication  of  the  twinning  of  the 

triclinic  system  remains. 

No.  11. — A  greenish-grey  compact  rock,  Sp.  G.  2*81.  There  are  numerous 
round  lumps  of  delessite  plugging  what  were  apparently  amygdaloidal  cavities. 
Other  such  cavities  are  seen  to  be  lined  with  a  dull  reddish-brown  mica.  The 
centres  of  the  cavities  arc  filled  with  quartz. 

Microscopic '  aspect, — The  slice  consists  of  numerous  crystals  of  felspar  of 
various  sizes  starred  about  in  a  fibrous  translucent  ground  mass,  olive  green  in 

'  Quart:  Joum.  Geol.  Soc.,  London,  VoL  XIV,  p.  4S4h 

*  This  18  within  the  minimum  for  basalts,  but  it  is  probably  somewhat  under  themark  owing  to 
the  presence  of  air  in  some  of  the  unfilled  or  partially  filled  amygdaloidal  cavities.  The  presence 
of  scolecite  and  calcite  in  the  latter  must  also  affect  the  result. 
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traDsmitted  light.  More  dense  and  opaque  patches  of  the  same  zoaterial  are 
dappled  about  in  it  in  a  spotty  way,  whilst,  here  and  there,  along  what  were  ap- 
parently lines  of  infiltration  connecting  amygdaloidal  cavities,  it  aasomes  a  ropy 
appearance. 

Most  of  the  felspar  crjrstals  are  distinctly  triclinic  and  are  in  prismatic  forms 
affording  rather  sharp  outlines.  In  some  instances  they  have  caught  up  portions 
of  the  olive  green  base  in  the  act  of  crystallization,  the  base  being  moulded  to 
the  form  of  the  felspar  prism. 

Fig.  3,  plate  I,  is  a  representation  of  a  small  portion  of  this  slice,  as  seen  in 
the  field  of  the  microscope.  Annexed  to  a  group  of  plagioclase  felspar  dysiab 
one  of  the  cruciform  arrangements  of  felspar  prisms,  so  often  alluded  to  in  the 
preceding  pages,  is  seen  to  be  attached.  The  arms  of  the  cross  intersect  at  an 
angle  of  SSi"*,  and  they  exhibit  the  twinning  peculiar  to  the  tridinic-system.  The 
two  long  dark  lines  in  the  group  above  the  cross  aro  portions  of  the  base  caught 
up  in  the  act  of  crystallization.  The  amount  so  caught  up  in  the  present  instance 
is  small,  but  occasionally,  in  some  of  the  slices  described  in  this  paper,  the  amount 
is  considerable  relatively  to  the  size  of  the  prism. 

Some  of  the  amygdaloidal  cavities  are  plugged  with  delessite  in  fui-shaped 
and  radiating  forms ;  others  contain,  intermingled  with  the  delessite,  a  mica>  red 
in  transmitted  light,  and  a  little  quartz. 

Epidote  is  abundant,  and  occurs  either  in  or  connected  with  amygdaloidal 
cavities. 

Mandi  Tra^8. 

The  traps  seen  in  the  bed  of  the  Suketi  river  at  the  town  of  Mandi  occur  in 
the  line  of  strike  of  those  at  Darang.  The  outcrop  is  here  much  thinner  than  at 
the  latter  place. 

I  have  examined  seven  sections  of  the  Mandi  trap  made  from  chips  and  two 
from  slices  of  the  rock.  There  is  no  perceptible  difference  in  the  character  of 
these  specimens,  and  it  will  suffice  to  describe  the  two  slices. 

Nos.  12  and  13.— A  dark-grey  compact  rock  with  a  slight  tinge  of  green  in  it; 
Sp.  G.  2-88. 

Augite  is  abundant.  Some  of  the  crystals  are  fairly  regular  in  shape  and 
twinning  is  common  in  them.     A  little  mica  is  visible  in  these  slices. 

A  cryptocrystalline  or  partially  devitrified  base,  forming  irregularly  shaped 
spaces,  is  to  be  seen  here  and  there.  The  felspar  prisms  do  not  present  sharp 
outlines,  and  they  are  kaolinised  and  decomposed.  No  trace  of  triclinic  twinning 
is  to  be  seen  in  them. 

The  olive  green  ground  mass  has  been  partially  converted  into  viridite,  which 
is  only  seen,  however,  in  minute  patches  disseminated  through  the  mass. 

The  rock  is  evidently  a  lava  that  has  rapidly  cooled,  the  augite  being  the 
only  mineral  that  has  had  time  to  crystallise  regularly  and  perfectly. 

Conclusion, 
The  specific  gravity  of  basalt  ranges  from   2  76  to  3,   its   mean  specific 
gravity  being  2*90.     The  specific  gravity  of  the  traps  described  in  this  paper 
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ranges  from  277  to  2'93,  their  average  being  2'86.  The  specific  gravity  teat 
therefore  points  to  these  rocks  being  classed  as  basalts. 

The  microscopical  examination  of  thin  slices  supports  this  view.  Angite  is 
generally  abundant  in  them ;  plagioclase  forms  a  prominent 'component  in  most 
of  the  slices ;  and,  in  those  in  which  the  twinning  peculiar  to  triclinic  felspars 
is  not  visible,  its  absence  is  satisfactorily  accounted  for  by  the  kaolinisation  and 
alteration  of  the  felspar. 

Olivine  is  usually  one  of  the  first  minerals  in  a  basalt  to  undergo  decom- 
position,  and  it  is  often  represented  by  a  green  product  of  alteration.^  Olivine 
has  not  been  detected.  Its  presence  was  not  to  be  expected  in  a  rock  which 
has  undergone  considerable  alteration,  and,  moreover,  though  its  occurrence 
is  very  common,  it  is  not  present  in  all  basalts.  None  of  the  Bombay  baaalts 
I  have  examined  contain  any. 

Magnetite  is  plentifully  represented  in  these  slices  by  skeleton  crystals 
.  arrested  in  the  progress  of  crystallisation,  and  also  by  the  secondary  products 
of  its  decomposition. 

Mica  often  occurs  in  basalts.  Its  presence  in  these  slices  appears  to  be  due 
to  the  alteration  of  some  of  the  original  minerals. 

The  epidote,  oalcite,  delessitCi  pro-chlorite,  and  scolecite,  are  also  the 
secondary  products  of  the  decomposition  of  some  of  the  original  constituents 
of  the  rock. 

Quartz  only  occurs  in  amygdaloidal  cavities  and  cracks,  and  its  presence  in 
such  situations  is  not  unusual. 

The  mineralogical  contents  therefore  of  the  thin  slices  examined  under  the 
microscope,  agree  with  the  specific  gravity  test,  and  show  that  those  rocks  are 
altered  basalts. 

Basalts  are  classed  as  volcanic  rocks,  and  the  fact  that  the  traps  under  con- 
sideration are  abundantly  amygdaloidal,  and  that  the  microscope  reveals  the 
presence  in  them  of  a  glassy  or  imperfectly  crystallised  base,  shows  that  they 
were  consolidated  at  the  surface  of  the  earth's  crast.  All  the  details  of  their 
structure  corroborate  this  view,  and  I  think  they  are  without  doubt  altered 
basaltic  lavas. 

EXPLANATION  OF  PLATES. 

Plate  I. 

Fig.  1.  Portion  of  a  slice  of  an  altered  basalt.    Darang,  in  the  Mandi  State, 

North-West  Himalayas. 
Fig.  2.  Ditto  ditto. 

Fig.  3.  Ditto  ditto. 

PLAtB  II. 

Figs.  1,  2,  3,  and  9,  illustrations  of  stellate  grouping  of  felspar  prisms,  character- 
istic of  eruptive  rocks,  and  basalts  in  particular,  taken  from  the 
Darang  basalts. 

>  Batley's  Study  of  Rocks,  p.  264. 
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Fig.  8.  Another  illustration  of  stellate  grouping  of  triclinic  felspar  taken  from 

a  domite,  Auvergne. 
Figs.  4  and  7.  Augite  crystals  in  process  of  alteration  into  a  green  product  bj 

the  passage  of  corroding  liquids  through  the  rock. 
Figs.  5  and  6.  Pseudomorphs  of  mica  after  augite,  taken  from  the  Darang  basalts. 
Fig.  10.  Illustration  showing  the  modified  shape  of  sections  of  minerals,  as  seen 

in  thin  slices  under  the  microscope. 
Fig.  11.  Skeleton  form  of  magnetite  taken  from  one  of  the  Darang  basalts. 


Further  note  on  the  connexion  between  the  Haz&ra  and  the  Kashmir  Series— ^jf 

A.  B.  Wynne,  F.G.S.,  Qeological  Survey  of  India, 

The  recent  appearance  of  Mr.  Ljdekker's  latest  paper  on  the  geology  of 
Kashmir  (Rec.  Vol.  XV,  p.  14)  throws  so  much  more  light  upon  the  question  of 
the  relations  of  the  rocks  in  two  adjoining  regions  that  I  am  tempted  to  offer  a 
few  further  remarks  in  continuation  of  my  last  papers  on  Hazara. 

We  are  now  enabled  to  extend  the  comparison  which  I  applied  to  the  then 
known  Kashmir  section  (Bee.  Vol.  XII,  p.  128,  &c.),  so  as  to  embrace  the  actual 
continuation  of  the  Hazdra  rocks  as  they  pass  thence  into  Kashmir  and  E^agban 
as  follows,  the  annexed  list  including  all  the  main  groups  of  the  whole  region 
on  both  sides  of  the  Kunhar^-Jhelum  valley  which  appears  to  have  been  the  main 
drainage  outlet  of  the  area  from  an  early  period  : — 

HAZARA.  KASHMIR  AND  EAGHAK. 

7.  Murree  Beds  (probably  partly  miocene).  7.  Mnrree  Beds  (miocene). 
6.    Nummulitic.                                                             6.  Nnmmnlitic. 

Pbesitmablb  Oysslap.  Otbblap  amouktivg  to  ukcoktobxitt. 

6.    Cretaceona  (feebly  fotsiUferoas).  5.  Absent  or  nnkuown. 

/  Jurassic. 

\  .  ultdbtbctsd  ob  absbvt. 

4.  <  Unoontobmitt,  P  tbbt  local. 

(.Triassic  npper  and  lower.  4.  Trias  and  ?  Jura, 

8.  Infra-Tiiassie  and  Tandl  group.  3.  Carboniferous. 

UircoK70BXiTT  (Stbobo).  Ukobsbbtbd. 

c  Attock  Slate  of  Nortbem  Punjab.  %  r  Aqueous. 

*•  I  Trap  division  absent.  j  ^^^°"*"-       *'  [  Traps. 

^  Schists*  C  Newer  gneiss  including  representatiTei 

1.  )  l.<     of  2  andS. 

C Gneiss  (primitive).  (.Qneiss  (primitiTe,  Central). 

This  comparison  will  be  seen  to  present  some  advance  beyond  that  of  my  former 
paper  (  Bee,  Vol.  XII,  p.  128  ),in  which,  as  Mr.  Lydekker  observesy  the  schists  of 
North  Hazara  are  not  separately  inclnded,  because  his  Kashmir  sections  quoted 
offered  nothing  with  which  to  compare  them,  and  they  conld  not  be  introduced  aB 

'  This  Eunliar  river  is  also  gaUed  the  Noinstik,  by  which  name  I  first  knew  it. 
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absolutely  nnreprosented,  when  they  were  found  to  pass  out  of  the  Hazfira  diBtrict> 
into  then  unexamined  ground. 

They  have  a  position  in  the  list  neyertheless,  where  they  are  placed  together 
with  the  Infra- triassic  and  Tan<51  series  as  he  partly  suggests;  the  Tandl  portion 
of  this  set  of  rooks  passings  as  stated,  into  orystalline,  i.e.  metamorphosed,  rocks 
and  gneiss. 

The  identity  of  the  gniess  in  both  areas  is  now  established  and  that  also  of  the 
next  adjoining  beds. 

The  Attock  slates  are  shown  to  be  those  of  Kashmir,  and  their  Amygdaloid 
division  is  approximately  placed. 

The  carboniferous  horizon  is  not  much  [more  clear,  but  the  trias  beds  are 
identified,  and  the  Murree  beds  are  now  known  to  be  partly  miocene^  at  all  events. 
The  main  points  of  dilFerenoe  appear  to  be  as  follows  :-^ 

Hazaba  sina.  Kashmir  sina. 

1.  Presonce  of  a  eretnoeons  horizon.  Its  nbsence. 

2.  Partial  separability  of  the  triaa  and  jura,  with  a  local    Usual  bleadiDg  of  these  without  discord- 

discordance,  anco. 

3*  Presence  of  an  infra-triassic  or  lower  division  of  tlie  Occurrence  at  this  horizon  of  a  carhoni. 

trias.  ferous  group. 

4.  Pkresence  of  a  thick  group  of  TanA  beds  identical  or  Apparent  absence  of  these  beds. 

partlj  so  with  the  foregoing. 

6.  Absence  of   an   amygdaloid  series  in  the  silarian  Presence  of  an  inferior  silurian  amygda- 

Attock  dates.  loid  group. 

6.  I^«sence  of  a  complete  sub-trias  discordance*  Absence  of  this  featore  or  its  impercep- 

tibility« 

7-  Ooncealment  or  obscnrity  of  a  sub-tertiary  overlap  Presence  of  a  sub-tertiary  break  and  over- 

discordance.  lap^ 

The  main  points  of  agreement  are  these  :— 

Hazasa  smx  and  Kashhib  sidil 
1. — Similarity  of  tertiary  group  in  both. 

2.— General  siroiUrity  of  the  newer  or  perhaps  upper  half  of  the  mesozoic  rocks  with 
small  exceptions. 

* 

3.— Simikrity  of  the  lower  palsBozoic  sUuriaa-Attock-Kashmir  slates. 
4. — Similarity  cf  the  schists  and  gneiss. 
6. — ^Universal  disturbance. 

tt  seems  from  the  lists  that  the  points  of  difference  are  equal  in  number  to 
the  main  rockogroups,  and  those  of  agreement  are  rather  more  than  half  as  many 
as  the  differences. 

1.  The  cretaceous  horizon  established  in  the  Sirban  sections  in  Haz&ra  and  at 
l^reat  distances  to  the  eastward  in  the  Himalayas  may  well  be  present  in  other 
places  though  unrecognizable,  as  appears  frequently  to  be  possible  even  m 
Haz&ra. 

2.  The  triassic  rocks  in  this  region  being  yet  known  to  present  in  one  place 
only  (at  Sirban)  all  the  conditions  as  to  definite  zones  and  sufficiently  fossili- 
ferous  ones,  to  enable  detailed  separations  to  be  carried  out,  it  seems  most 
probable  that  the  mixed  character  or  the  unfossilif erous  condition  of  the  Kashmir 
and  Kaghin  rocks  is  the  general  rule  in  both  areas.     The  definite  horizon  may 
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of  course  exist  eveiywliere,  but  under  impenetrable  obscurities,  and  even  the 
appearance  of  discordance  fairly  established  between  these  and  the  Spiti  shale 
Jurassic  of  Sirban  being  quite  unpronounced  elsewhere  in  Hazdra,  it  n>ay  well  be 
lost  to  sight  in  Kashmir. 

3.  The  fact  that  Mr.  Lydekker  finds  the  carboniferous  group  of  Kashmir 
vanishing  into  obscurity  northwards,  where  its  fossils  disappear,  is  stronglj 
indicative  of  the  same  unfortunate  occurrence  in  Haziira  and  the  consequent 
impossibility  of  defining  its  position  closely,  while  it  may  be  fairly  surmised  that 
the  Hazira  inf ra-triassic  Tan61  rocks  or  some  portion  of  these  are  equivalent  to 
the  carboniferous  group  of  Kashmir.- 

At  the  same  time  the  idea  suggests  itself  that  the  Sirban  trias  may  really 
exhibit  only  a  higher  portion  of  the  whole  great  group  which  may  be  elsewhere 
represented  by  more  obscure  older  developments  more  widely  spread,  and  that 
the  carboniferous  representatives  may  be  found  or  supposed  to  exist  amongst  the 
lowest  layers  of  these  and  partly  amongst  the  likewise  unfossiliferous  strata  of 
the  Tan61  group. 

4.  This  Tandl  group  presents  one  of  the  greatest  difficulties  in  reconciling  the 
structure  of  the  two  regions  as  at  present  interpreted.  Its  thiokness  renders  the 
absence  of  its  recognition  in  Kashmir,  &c.,  strange ;  and  its  place  is  peculiar,  lying 
exactly  between  the  now  well-identified  Attock-Ladak  slates  and  the  metamor* 
phio  schists  (including  rocks  of  difPorent  horizons),  into  which  the  some  Attock- 
Ladak  slates  are  supposed  by  Mr.  Lydekker  to  merge  by  reason  of  increasiog 
metamorphism . 

These  Tanol  rocks,  or  their  congeners,  the  infra-triassic,  one  or  both,  extend 
towards  and  into  the  lower  part  of  the  Kunhar  valley,  but  crossing  this  no  place 
is  found  for  the  group  in  the  series  of  Kashmir  and  Kagh&n,  and  a  short  line, 
obliquely  crossing  the  valley  from  the  Lachi  Kun  nummulitics  to  the  Hasara 
older  gneiss  near  B&lakot,  marks  the  approximate  boundary  between  the  Attock- 
Kashmir  slates  and  their  supposed  more  highly  metamorphosed  continuation 
into  the  **  newer  gneiss  "  northwards.  South  of  this  boundary,  however,  between 
,  Bdlakot  and  Gharri  Habibula  on  the  flanks  of  the  Lachi  Kun  mountain,  the 
Kashmir/Attock  slates  are  not  typical  Attock  slates  at  all,  but  more  allied  to  the 
metamorphic  schists.  This  point  would  so  far  favour  the  supposition  that  a 
northerly  transition  was  taking  place  from  less  to  greater  metamorphism ;  hut 
not  far  south  of  Gharri  Habibula  the  slates  possess  their  normal  character,  and 
appear  projecting  unconformably  from  beneath  infra-triassic  or  Tanol  quartrites 
and  dolomites.  The  supposition  that  the  Attock  slates  are  the  same  to  any 
extent  as  the  schists  to  the  north  which  pass  into  or  are  scarcely  separable  from 
the  Tandl  beds  would  then  demand  the  incredible  conclusion  that  both  an  uncon- 
formity and  a  transition  between  the  older  and  newer  groups  should  occur  in  the 
immediate  neighbourhood  of  Gharri  Habibula, — a  view  in  which  I  cannot 
coincide. 

Although  the  Tanol  or  infra-triassic  beds  fall  readily  into  none  of  the  Kashmir 
sub-divisions  or  have  not  been  admitted  into  any,  I  certainly  found  them  on  the 
right  bank  of  the  Kunhar  at  the  place  last  indicated,  and  saw  at  least  one  small 
tongue  of  them  crossing  the  river.     It  seems  marvellous  if  some  representative 
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of  these  dolomites,  quartzites,  argillaceous  and  other  rocks  does  not  also  occur  to 
the  east,  because,  although  in  discordant  relation  with  the  silurian  slates  on  their 
southern  side,  they  have  been  found  to  mingle  gradually  with  the  schists  to  the 
northwards,  which  in  their  eastern  extension  become  the  "  newer  gneiss "  of 
various  ages,  and  also  because  dolomites  and  quartzites  are  mentioned  among  the 
rocks  of  Northern  Kashmir. 

If  the  group  has  an  extension  to  the  eastward,  there  seems,  however,  not  much 
more  likelihood  of  its  being  closely  identified  among  the  '*  newer  gneiss  "  series 
than  either  the  metamorphosed  silurian  or  carboniferous  members  of  that  divi- 
sion. Connected  with  one  or  both  of  these  groups,  rocks  of  Tanol  aspect  might 
occur,  though  without  sufficiently  distinct  grouping  or  identity  to  have  urged 
their  separation. 

5.  Had  they  possessed  this  distinctive  character,  there  would  only  have  been 
the  absence  of  the  apparently  fugitive  volcanic  amygdaloids  from  amongst  the 
Hazdra  slates  to  have  caused  any  very  prominent  disparity  between  the  general 
series  in  these  two  areas.  The  horizon  or  horizons  of  this  amygdaloidal  silurian 
group  or  groups  being  rather  uncertain,  but  still  placed  below  the  slates  or  in 
their  lower  portion,  the  idea  is  suggested  whether  some  of  these  volcanic  rocks 
may  not  represent  the  horizon  of  the  Tandl  group,  but  this  question  I  have  not 
sufficient  evidence  to  follow  out. 

From  what  I  know  or  can  gather  of  the  general  aspect  of  the  geology  of  the 
whole  region,  I  should  rather  expect  to  find  the  principal  portion  of  the  Tanol 
beds  occupying  a  carboniferous  or  other  intermediate  horizon  between  the  upper- 
most slates  and  the  lowest  fossiliferous  triassic  rocks. 

So  far  the  obstacles,  as  it  were,  to  extending  either  the  full  Kashmir  colouring 
of  the  map  into  Hazara,  or  vice  ver^dy  have  been  noticed ;  the  question  of  the 
arrangement  of  the  groups  is  another  matter. 

In  the  parts  of  Kashmir  and  Kaghdn,  most  adjacent  to  Haz&ra  conformity 
real  or  apparent  would  seem  to  be  the  rule  throughout  the  whole  sequence. 
From  an  inspection  of  Mr.  Lydekker's  map  and  from  his  remarks  it  would 
appear  evident  that  this  conformity  of  the  tertiaries  north  of  MozufPerabad 
npon  the  palasozoic  rocks  assumes  the  nature  of  an  overlap,  amounting  to  the 
total  discordance  which  I  had  already  indicated  from  limited  observations 
(Rec.  XII.  p.  127). 

The  unconformity  at  Sirban,  in  Hazfira,  where  the  infra-trias  is  not  only 
discordant  to  but  contains  derived  fragments  of  the  Attock-Ladak  slates,  is 
established.  It  appeared  to  me  to  occur  again  without  the  derivative  feature  near 
the  road  from  Abbottabad  to  Mansahra  and  also  on  the  right  bank  of  the  Kunhar 
river  south  of  Gharri-Habibida,  and  yet  it  does  not  appear  to  have  been  detected 
in  Kashmir  or  Kaghan,  where  secondary  rocks  occur  within  12  and  32  miles  of  the 
Gharri  locality,  roughly  speaking. 

This  unconformity  proves  so  complete  a  break  between  the  infra-trias  and  the 
silurian  that  I  held  myself  prepared  to  find  those  of  the  Tanol  beds  most  nearly 
identical  with  the  infra-trias  of  Sirban  completely  discordant  to  the  Attock 
slates  at  any  place  where  they  might  occur  in  junction  with  those. 
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This  appeared  to  be  tHe  relation  of  the  groups  on  the  loirer  Sinm  and  Doi^ 
rivers  near  the  Indus. 

The  disturbance  in  most  places  greatly  concealed  or  quite  obscured  any  identi- 
fication of  this  relation  in  connexion  with  the  silicious  and  dolomitic  bands  of 
the  Tan61  group,  while  in  many  instances  they  appeared  to  be  simply  interca- 
lated with  the  other  Tandl  beds ;  besides,  there  was  always  the  possibility  in 
consequence  of  the  break  at  Sirban  that  infra-trias  rocks  of  other  places  might 
exhibit  a  larger  thickness  of  themselves  or  of  other  subjacent  conformable  beds. 
I  was  therefore  the  less  surprised  to  find  great  irregularities  and  sudden  dev^op- 
ment  or  reduction  of  the  unconformable  infra-trias  (presumed  to  be  in  some 
degree  equivalent  of  Tan61  rocks)  in  various  localities,  nor  did  it*appear  im. 
probable  that  the  unconformity  so  clear  at  Sirban  should  be  obscured  by  being 
removed  further  elsewhere  from  the  dolomites  and  quartzitea,  or  altogether  lost  to 
view  in  the  more  metamorphosed  area  of  the  schists. 

Whatever  portion  of  the  Tan61  beds  may  be  identical  with  the  infra-trias  will 
carry  with  it  much  of  the  associated  and  stratigraphicaUy  united  Tan61  rocks 
not  largely  developed,  if  at  all,  at  Sirban.  The  place  of  these  TanoUinfra-trias 
beds  must  lie  at  the  upper  side  of  the  discordance  there,  and  it  is  impossible  in  so 
limited  an  area  to  place  on  the  same  horizon  any  rocks  supposed  to  form  a  part 
of  the  Attock-Laddk  Silurians  on  the  lower  side  of  this  discordance. 

To  say  that  the  dolomites  and  quartzites  of  the  Tan61  area  are  not  infra- 
trias  but  metamorphosed  trias-jura,  will  provide  no  escape  from  the  dilemma,  for 
the  trias  and  infra-trias  have  always  been  found  as  part  of  the  same  conform- 
able  sequence. 

In  one  way  it  seems  still  possible  to  reconcile  some  of  the  discrepancy  between 
the  Haz^ra  area  and  that  to  the  east.  I  offer  the  suggestion  with  mudL  reserva- 
tion on  the  supposition  that  the  rocks  of  both  regions  pass  northwards  into  a 
metamorphic  terra  incognita^  where  important  divisions  become  undistingnisli- 
able  and  the  clearest  indication  of  stratigraphic  arrangement  at  low  or  hiffh 
angles  are  untrustworthy.  This  Ix in g  granted  (if  possible)  it  may  be  that  the 
schistose  series  (newer  gneiss  of  Lydekker)  represents  among  its  other  consti- 
tuents a  lower  portion  of  the  Attock-Ladfik  silurian,  or  even  the  same  beds  as 
are  elsewhere  unmetamorphosed ;  that  over  these  the  schists  passing  upwards 
and  uniting  with  the  Tan61  group  (on  an  extension  of  Mr.  Lydekker's  hypothesis) 
represent  the  carboniferous  and  triassic  horizons.  Some  of  the  dolomites,  Ac, 
of  the  Tan61s  belonging  to  the  former,  and  others  with  their  associated  slates,  Ac, 
being  the  unconformably  enfolded  representatives  of  the  trias  and  infra-trias  or 
"trias-jura"  division,  all  in  a  metamorphosed  or  sub-metamorphosed  state. 

At  this  distance,  both  as  regards  time  and  place  from  the  region  and  its 
examination,  one  is  apt  to  have  a  less  lively  faith  in  his  own  deductions,  and  vet 
after  reconsidering  the  question  with  the  aid  of  Mr.  Lydekker's  paper,  unless  the 
perplexities  of  mountain  structure  will  endorse  so  large  a  draft  upon  speculative 
hypotheses  as  the  above  suggestions  demand,  I  am  unable  to  see  in  what  way  the 
interpretations  of  Hazdra  Kashmir  and  Kaghdn  can  be  brought  into  closer  con- 
cordanoo. 
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Notwithstanding  that  I  am  ready  to  admit  any  reasonable  amount  of  possible 
misinterpretation  not  of  a  glaring  nature  amongst  the  obscure  stratigraphical 
features  of  a  metamorphosed  and  disturbed  mountain  region,  the  greater  difficulty 
presents  itself  that  it  is  not  so  much  obscurity  of  the  stratigraphic  relations  in 
Hazdra  as  the  reverse  which  has  led  to  my  interpretation  of  the  district,  and  that 
no  amount  of  the  invei'sion,  which  it  is  now  the  custom  to  call  in  aid  so  largely, 
can  set  aside  local  deductions  from  such  physical  facts  as  the  Sirban  infra-trias 
unconformity. 

Notes  on  the  iTmaria  Coal  Field  (South  Bewah  Oondtodna  basin) — By  Theodobe 
W.  H.  Hughes,  A.B.S.M.,  F.O.S«,  Geological  Survey  of  India. 

Owing  to  the  great  interest  that  has  been  aroused  regarding  the  occurrence  of 
workable  coal  at  Umaria  and  in  the  Johilla  valley  in  the  Bewah  territory,  I 
have  no  doubt  that  a  short  notice  relating  to  it,  preliminary  to  a  fuller  descrip- 
tion in  our  Memoirs,  will  be  generally  acceptable.  Under  ordinary  circumstances 
the  publication  of  the  facts  in  connection  with  the  coal  would  not  have  taken 
place  until  next  year,  by  which  time  the  map  of  the  larger  area  to  which  this 
ground  belongs  would  have  been  completed.  So  many  enquiries,  however,  have 
been  set  on  foot,  as  to  the  extent  of  the  coal,  its  thickness,  the  quality  of  the  coal 
and  the  facilities  for  working  it,  that  it  has  become  a  duty  to  respond  to  them 
without  delay. 

In  a  previous  volume^   of  the  Records  of   the  Survey,    I  have   described 

n     .  . .  the  e:eolo^cal  position  of  the  Umaria  and  Johilla  coal.     Its 

Previous  notice.  '^        f       .*^  i.  xi,    x_  ij  i  ^ 

proper  place  is  amongst  the  true  or  older  coal-measures  of 

India,  and  it  is  not  to  be  confounded  with  the  younger  coal  of  the  Mahanadi, 

Lameta  Ohat  and  Jabalpur.     This  is  a  favourable  point,  and  it  implies  that  the 

coal  will  be  moderately  steady  both  in  quality  and  quantity,  features  which  are 

not  characteristic  of  the  newer  coals. 

Many  years  have  elapsed  since  the  original  discovery  of  the  coal  that  I  am 

Captain  Oabom    1860      ^^^^^  about.     The  first  who  drew  attention  to  it  was 

Captain  Osborne,  the  Political  Agent  of  Rewah  in  1860. 
Afterwards  some  Royal  and  Civil  Engineers  reported  on  it,  but  their  recom- 
mendations were  not  strong  enough  to  induce  any  active  steps  being  taken  to 
explore  the  field.  Subsequently,  and  quite  recently  (1881),  it  was  my  good 
fortune  to  meet  with  a  gentleman  in  chai^  of  the  Bewah  administration^  who 
responded  cordially  to  my  suggestions  that  the  coal-measures  should  be  tested 
near  Umaria  and  in  the  Johilla  valley ;  and  within  a  few  weeks  of  my  broaching 
the  plan  of  operations,  boring  tools  were  got  ready,  and  Mr.  Stewart,  who  had 
previously  been  in  charge  of  the  Narbada  trial  borings,  was  appointed,  on  a 
salary  of  Rs.  420  a  month,  to  test  the  various  sites  indicated  by  myself.  It  is  a 
great  satisfaction  to  be  able  to  say  that  the  word  success  may  be  freely  used.  An 
abundance  of  coal  has  been  proved ;  a  large  area  has  been  determined ;  the  con- 

*  Records  G.  8. 1.,  Vol.  XIV,  pages  813—815. 

2  Captain  fiarr.  Political  Agents  Baghclkhand,  and  Superintendent,  Rewah  State. 
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ditions  for  working  are  favourable ;  the  quality  of  the  coal  is  fair  in  the  labora- 
tory, and  the  practical  results  are  satisfactoiy. 

The  accident  of  position  has  caused  much  more  attention  to  be  devoted  to  the 
Umaria  than  to  the  Johilla  area,  the  former  locality  being  14  or  15  miles 
nearer  to  the  station  of  Kutni,  on  the  East  Indian  Railway.  The  Johilla  valley 
was  merely  looked  at  in  case  the  Umaria  borings  should  fail  to  realise  the  expec- 
tations formed  of  them.  The  extra  distance  would  have  been  a  very  small  draw- 
back, if  the  only  alternative  left  of  procuring  coal  had  been  the  opening-up  of 
that  part  of  the  district ;  and  it  was  deemed  advisable,  while  means  were  at  hand 
for  under-ground  exploration,  to  make  as  effective  use  of  them  as  possible. 

As  matters  have  turned  out,  there  was  no  necessity  to  have  taken  the  pre- 
caution of  examining  the  Johilla  coal  lands,  but  the  information  that  has  been 
gained  respecting  them  is  a  valuable  item  added  to  our  positive  knowledge. 

The  first  boring  at  Umaria  was   commenced  on  the  22nd  January  1882  on 

the  site  selected  by  myself.  It  was  to  the  north  of  the 
22nd  January  1882?*'^"''      outcrop  of  the  coal  seam,  [and  was  intended  to  proTe 

the  true  thickness  of  the  coal.  According  to  Mr. 
Stewart's  reading  of  the  samples  it  is  7  feet.  This  may  be  accepted  as  the 
average  thickness  of  the  coal  seam,  the  outcrop  of  which  is  seen  in  the  Umrar 
river,  running  between  the  two  villages  of  Khalesar  and  Umaria. 

It  would  be  needless  multiplication  of  details  to  allude  to  each  bore-hole 
section.  The  object  with  which  the  various  positions  were  chosen  was  to  test  the 
extension  of  the  coal  both  laterally  and  to  the  deep. 

Had  more  time  been  at  our  disposal  more  ample  results  could  have  been 
achieved,  but  as  the  case  stands  even  now  enough  data  have  been  gathered  to 
show  that  the  seam  exposed  in  the  river  extends  over  a  proved  area  of  1|  square 
miles,  and  that  it  is  fair  to  assume  3  square  miles  as  probable  and  easily  worked 
coal  lands. 

In  boring  No.  7a,  immediately  on  the  right  bank  of  the  Umrar,  a  second  seam 
Second  seam  ^^^  ™®*  with,  which  is,  I  fancy,  higher  in  the  series  than 

that  proved  in  No.  1.  It  was  again  passed  through  in 
Nos.  8  and  9,  and  it  was  just  touched  in  No.  11.  It  appears  to  be  a  permanent 
bed,  so  that  we  may  calculate  upon  two  seams  of  coal,  which  at  a  very  low  average 
may  be  taken  as  14  feet  thick. 

Most  of  the  borings  were  put  down  within  the  limits  of  the  Umaria  holding ; 
but  in  order  to  learn  something  of  the  lie  of  the  land  between  Khalesar  and 
Lalpur  on  the  other  side  of  the  river,  I  directed  Mr.  Stewart  to  start  No.  6.  A 
series  of  misfortunes  rendered  this  hole  and  two  subsequent  ones  useless  as  indi- 
cators, none  of  them  having  been  completed.  The  question  therefore  as  to  what 
becomes  of  the  coal  in  that  direction  is  an  open  one,  but  I  incline  to  think  that 
the  coal  is  there,  and  that  had  the  borings  been  carried  deeper  they  would  have 
proved  this  to  be  the  case.  It  is  unfortunate  that  there  should  be  uncertainty 
on  the  point,  as,  owing  to  this  circumstance,  I  have  for  the  sake  of  being  within 
the  mark  omitted  it  from  the  calculable  coal  lands. 
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Dip  Blight. 


I  presume  that  I  am  expected  to  give  a  few  fignres  showing  the  amount  of 

.     .,  , ,         ,    .  oAA     coal  that  I  consider  to  exist  in  the  Umaria  field.     It  is 
Available  coal  at  300 

feet  is  about  28,000,000     an  unsatisfactory  task  to  undertake,  as  those  know  who 
*®°'*  make  calculations  of  this  sort.     With  an  average  thick- 

ness of  14  feet,  I  think  that  within  the  area  of  3  square  miles  there  is  an  available 
amount  of  28  millions  of  tons  at  a  depth  of  300  feet  from  the  surface. 

The  dip  of  the  measures  is  slight,  and  the  ooal  keeps  well  up  for  a  long  way 

to  the  deep,  so  that  it  presents  great  facilities  for  being 
readily  worked. 

With  respect  to  the  quality  of  the  coal  the  only  seam  that  could  be  tested  in 
the  laboratory  and  tried  practically  on  the  railway  was  the  lower  one. 

About  one  hundred  tons  were  excavated  from  the  outcrop,  and  consignments 
were  made  to  the  East  Indian  and  Great  Indian  Peninsula  railways.  From 
Mr.  Pont,  of  the  East  Indian  line,  I  heard  that  the  working  power  of  the  coal  was 
41  lbs.  the  train  mile. 

From  Mr.  Brock,  of  the  Oreat  Indian  Peninsula  line,  the  most  favourable  result 
was  33  lbs.  the  train  mile. 

The  Great  Indian  Peninsula  trials  show  the  coal  in  a  very  favourable  light, 
and  nearly  equivalent  to  the  best  and  freshest  samples  of  the  Karharbari  field. 

Consideruig  that  the  coal  on  trial  was  merely  surface  stuff,  the  result  is  quite 
surprising.  It  is  possible  also  that  when  the  drivers  and  firemen  are  better 
acquainted  with  it  they  will  be  able  to  get  stiU  more  work  out  of  it. 

Analyses  made  in  the  Survey  laboratory  by  Mr.  Hira  Lai,  who  has  been 
associated  with  me  in  the  survey  of  the  South  Bewah  coal  areas,  gave  the 
following  result : — 


Analyses  of  different  hands  in  the  Umaria  seam. 


»-7o 

c^\ 

d.'U 

«-7. 

/7o 

2*4 

*2.7o 

W.  \  A4.  \ 

Moif  tore  (at  230°  F.) 

6-8 

8-6 

• 

2*6 

8-4 

2*2 

2-4 

2-6 

28 

Volatile,  exclusiye  of  moiBtnre 

23  6 

30-O 

19-6 

84-4 

24-4 

26-8 

26-0 

29-2 

27-6 

Fixed  carbon 

62-4 

63-6 

57*2 

660 

86-6 

69-4 

67  8 

62-2 

690 

Ash 

18-2 

12-8 

20-6 

72 

87-8 

12-4 

13-8 

160 

10-6 

Caking 

••• 

••• 

+ 

+ 

••• 

... 

+ 

+ 

Not  caking     .        .        .        • 

+ 

■  •« 

+ 

••• 

••• 

+ 

+ 

••• 

•*• 

ColoTtrofash 

white. 

pink 
white. 

white. 

white. 

white. 

white. 

white. 

white. 

white. 

N.,B.^Tbe  band/,  yielded  abopt  liJ'U  of  oil  and  tarry  matter. 
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The  samples  were  taken  by  myself  from  the  quarry  at  the  outcrop.    The 
index  letters  refer  to  the  section  which  is — 

Descendingk  Inehw. 

a — Coal  hard  6 

h — Stony  band •  1 

e — Coal  bright  .......         6 

<i—  „    hard  7 

e —   „    bright  . 6 

/— .  „    hard  4 

g — Stone  band 2 

A— Coal  hard 2ft.  0 


4ft.  8 


The  seam  is  not  so  thick  at  the  outcrop  as  it  is  farther  to  the  deep.  The  best 
coal  is  the  lowest  band,  lettered  h.  It  contains  a  high  percentage  of  fixed 
carbon,  which  accounts  for  the  excellence  of  the  trials  on  the  Great  Indian  Penin- 
sula railway. 

Of  the  bore-hole  sections,  I  give  Nos.  1  and  7a  to  show  what  rocks  were 
passed  through,  and  the  thickness  of  the  two  seams. 

No.  1.— 


Commenced  22nd  January  1882,  ended  10th  February  1882. 

Feet. 

Inches. 

Black  Burface  soil 

6 

Brown  coarse  Mndatone .        .        •        •        , 

0 

Grey  soft              , 

6 

Red  coarse  hard    „         .  *     . 

0 

Yellow  coarse  hard  sandstone  •        .        .        , 

0 

Grey  earthy                   „        .        .        .        . 

2 

0 

Yellow  hard  coarse        «>.••. 

1 

0 

Bed  coarse  hard             „        with  clay  . 

2 

6 

Grey  hard  coarse           „               »         •        . 

2 

6 

Mottled  coarse  earthy  „         .... 

2 

0 

Grey  hard  fine               „         •        •        •        , 

2 

0 

Light  brown  fine  hard  „         .... 

2 

0 

Dark  brown  fine  hard  »         •        .        .        . 

1 

6 

Brown  hard                  „         •        •        •        . 

7 

6 

Grey  soft  shaly            „         .... 

1 

0 

Bed  coarse  soft             ,»         .... 

2 

0 

Brown  fine  soft            „         •        •        .        « 

1 

0 

Yellow  fine  soft            „         •        •        •        , 

1 

0 

Brown  and  yellow  mottled  clay 

1 

0 

Brown  shaly  soft  sandstone    .        • 

1 

0 

Gray  and  brown  shaly  sandstone    . 

1 

0 

Brown  shaly  soft  sandstone    .        •        .        , 

1 

0 

Grey  fine  soft  sandstone         .        .        • 

1 

0 

Brown  clay,  hard    „      .        .        ,        . 

1 

0 

Grey  and  soft  shaly  sandstone        • 

1 

0 

Carbonaceons  shale         „ 

6 

0 

Coal 

8 

0 

Carbonaceons  shale         .        •        .        , 

1 

0 

Grey  shaly  sandstone     .        .        .        , 

1 

0 
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No,  7a.— i 


. 

Feet. 

Inches. 

Co€U            •         •         •          • 

7 
9 

0 

GarbonaceoTis  slialy  sandfltone 

0 

M           sliale 

•        •        •        • 

2 

0 

Coal           •        •        •        • 

2 
3 

0 

CarbonaeeonB  flbaly  sandstone         .        . 

0 

White  hard  sandstone    • 

•         •        •        • 

16 

0 

lomTnmced  17th  March  1882,  ended  30th  . 

April  1882. 

, 

Feet. 

Inches, 

Dark  brown  sandy  surface 

soil 

16 

0 

„     *    n          clay  and  pebbles 

6 

0 

Brown  clay  and  sand     • 

•        •         •         • 

2 

0 

Light  brown  mottled  shaly 

sandstone     .        • 

1 

0 

M            and  red  sandstone 

1 

0 

Brown  sbaly  sandstone  • 

.        «        •        « 

1 

0 

Red        „            „ 

•        •  ■     •        • 

1 

0 

Yellow   „            „ 

•        «        •        • 

1 

0 

White    „ 

•        •        •        • 

2 

0 

Brown  and  white  sbaly  sandstone  . 

1 

0 

White                     ^ 

t»          •        .        • 

1 

0 

Brown  and  white    ,, 

f>         •        •        • 

S 

0 

Bed  and  brown       „ 

>»         •        •        • 

1 

0 

White  and  brown   „ 

»          •        •        • 

1 

0 

Yellow                    „ 

9t                   .               •               • 

1 

0 

Bed  and  white        „ 

n             •           •           • 

1 

0 

Brown  and  yellow  ^ 

ff             •           «           • 

1 

0 

n                               n 

91                   •               •               • 

1 

0 

n     and  white  •, 

»»              •           «           i 

2 

0 

>*                                               M 

»9                     .                .                < 

1 

0 

White  and  red        „ 

»t                     •                • 

1 

0 

„     and  yellow  „ 

»f                     •                • 

2 

0 

Brown  and  white   „ 

»                      •                 • 

8 

0 

White 

f»                      •                • 

8 

0 

f,      sandstone   . 

•                  a                  . 

1 

0 

Brown        „          • 

•                   •                   t 

6 

0 

Orey           „ 

•                   ■                   • 

2 

0 

Brown        „ 

.                   •                   • 

6 

0 

Grey           „ 

•                   .                   « 

28 

0 

Carbonaceoos  shaly  sandstone 

6 

0 

Qrey               sandstone 

1 

0 

Carbonaeeons        „ 

6 

0 

Grey                     „ 

2 

0 

Carbonaceous        ,, 

8 

0 

Grey                     „ 

20 

0 

Coal         .        •        .        • 

18 

0 

Carbonaceous  shale 

.      26 

0 

Coal          .... 

.      11 

0 

Of  the  Jdiilla  borings  I  liave  little  to  say ;  one  was  put  down  near  the  junction 
of  the  Marjada  and  Umarha  streams  and  the  other  on  the  left  bank  of  the  Johila. 
The  sections  speak  for  themselyes,  and  the  coal  appears  to  be  better  even  than 
that  of  Umaria. 
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No.  2,—G(mmenced  6th  Ma/rok  1882,  ended  23rd  April  1882. 

Feet.     Inche*. 


Yellow  clay  (surface  floil) 
Brown  Bhaly  saadBtone 
Dark  brown  Bhaly  Bandstone 
CarbonaceonB  clay   • 

„  ahale 

Grey  sbaly  Bandstone 
Brown  shaly  Bandstone    » 

Coal 

CarbonaoeoTiB  Bhaly  Bandstone 
Grey  „  „ 

Coal 

CarbonaceonB  shaly  sandstone 

Grey 

CarbonaceonB 

Coal 

CarbonaceonB  shaly  sandstone 
Grey  »  ., 

Carbonaoeens  shale  • 

Grey  shaly  sandstone       • 
CarbonaceonB  Bhaly  sandstone 
Grey  „ 

Coarse  sandstone 
Grey         „ 


M 


99 


M 


l» 


1 
10 

6 
2 
9 
2 
5 
17 
1 
1 
8 
1 
I 
2 
8 
4 
2 
2 
1 
1 
4 
1 
6 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


No.  3.— Commenced  18th  March  1882,  ended  23rd  April  1882. 


Dark  brown  snrfaee  sandy  soil         .        .        .  1 

Dark  shaly  sandstone       .....  1 

Grey     „          „              1 

Brown  „          „              .        .        .        ,        .  8 

Coal 17 

Grey  shaly  sandstone 1 

Carbonaceous  shale 6 

Grey  shaly  sandstone 1 

CarbonaceonB  shaly  sandstone          .        •        •  9 

9,           ahale 2 

Coal 6 

Carbonaceous  shaly  sandstone          •       •        •  6 

Grey                 „           »         •        •        •       .  4 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


The  proving  of  the  IJmaria  coal-field  shows  how  valuable  an  adjunct  to  w 
labours  of  the  Gfeolog^cal  Survey  are  the  facts  that  can  only  be  discovered  hj  & 
series  of  borings.  A  large  area  of  coal  has  thus  been  proved,  and  onr  doubts 
dissipated ;  and  we  have  now  ample  knowledge  to  direct  us  in  our  projects  and 
plans  for  the  future.  The  coal  is  good,  and  there  is  pleniy  of  it.  It  is  within 
one  hour^a  railway  journey  of  Kutni,  and  from  its  commanding  geographical 
position,  as  may  be  seen  by  looking  at  a  map,  it  is  one  of  the  most  importa'^*' 
areas  of  supply  for  Central  and  Upper  India.  It  will  be  of  immense  utiliiy  to 
the  Great  Indian  Pemnsula  railway,  and  to  the  feeders  of  that  line;  and  1 
have  no  doubt  that  a  lai^e  up-country  consumption  will  be  established. 

What  is  now  wanted  is  a  line  of  rail  to  IJmaria,  and  I  trust  it  will  be  my 
fortune  to  see  one  started  and  completed  within  the  nezt  two  years.    There  is  a 
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large  grain  traffic  passing  through  XJmaria,  but  I  have  no  statistics  to  give. 
I  have  no  hesitation,  however,  in  saying  that  a  railway  would  probably  pay  its 
way,  though  perhaps  2  to  3  per  cent,  of  interest  would  be  all  that  the  capital 
would  realise  until  the  road  was  extended  more  to  the  east  and  served  a  larger 
area  of  country. 

The  Daranggiri  Goal  field,  Garo  Hills,  Assam^By  Tom  D.  La  Touchb,  BA., 

Geological  Survey  of  India. 

Lnmediately  to  the  north  of  the  gneissic  range  running  westward  from  the 
Khasia  plateau  and  forming  the  culminating  ridge  of  the  Qaro  hills,  the  creta- 
ceous rocks  in  which  the  coal  of  this  district  occurs  occupy  a  series  of  detached 
basins  in  the  gneiss,  and  rest  directly  upon  it.  Of  these  basins  the  two 
lai^gest, — ^marked  as  coal-fields  on  the  Ordnance  map,  and  known  as  the  Rong- 
renggiri  and  Daranggiri  fields  respectively, — are  situated  in  the  valley  of  the 
Sumesaiy  or  Semsang  river.  Li  the  Bongrenggiri  field,  which  extends  from 
about  2  miles  to  the  west  of  the  thanna  at  that  place  eastward  to  a  short 
distance  to  the  east  of  Shemshanggiri,  there  are,  as  far  as  I  could  discover,  no 
coal  seams  of  any  practical  value.  A  seam  of  good  coal,  1  foot  thick,  occurs 
in  a  hill  due  east  of  Shemshanggiri,  and  at  the  west  end  of  the  field  are  several 
outcrops  of  a  bed  of  carbonaceous  shale,  about  3  feet  thick,  which,  I  believe, 
represents  the  principal  seam  of  the  Daranggiri  field  described  below.  A  fairly 
continuous  section  is  exposed  in  the  bed  of  the  river  and  its  tributaries  between 
these  beds  and  the  gneiss  on  the  one  hand  and  the  nummuHtic  rocks  which  occupy 
the  centre  of  the  basin  on  the  other,  and  in  these  rocks  only  a  few  insignificant 
strings  of  coal  and  thin  beds  of  carbonaceous  shale  occur. 

The  Daranggiri  field,  its  position  and  area, — ^The  Daranggiri  field  is  situated  on 
both  sides  of  the  Sumesaiy  river,  where  it  turns  south  in  a  long  reach  before 
cutting  through  the  main  range  at  Jankaray  village.  It  is  about  10  miles  in 
length  from  west  to  east,  extending  from  a  little  to  the  west  of  Daranggiri  to 
Bengdim  in  the  Khasia  hill  district,  and  about  6  miles  in  breadth  from  north 
to  south,  from  a  short  distance  above  the  junction  of  the  Bongoli  stream  with  the 
Sumesaiy  to  the  Bongkhai  stream  on  the  south.  On  the  south  side  of  the  latter 
river  are  a  few  outliers,  but  these  are  separated  from  the  gorge  of  the  Sumesary, 
through  which  the  projected  railway  will  probably  pass,  by  some  miles  of  exceed- 
ingly rugged  ground  so  that  they  are  not  of  much  importance. 

Within  these  limits  the  coal-measures  occupy  an  area  of  about  50  square  miles, 
but,  as  will  be  seen  from  the  analyses  given  below,  the  seams  which  occur  in  the 
portion  of  the  field  lying  between  the  Bengchi,  Bongkhai  and  Lengta  streams  is 
almost,  if  not  quite,  worthless ;  besides  which  the  small  thickness  of  the  seams 
in  this  portion  of  the  field,  not  more  than  2  feet  6  inches,  would  probably  prevent 
their  being  worked  with  profit,  even  if  the  coal  were  of  better  quality.  There 
remains,  then,  the  western  half  of  the  field  extending  from  Daranggiri  to  the 
Bengchi,  an  area  of  about  20  square  miles,  in  which  there  is  at  least  one  seam  of 
coal  of  good  quality  of  a  thickness  sufficient  to  be  worked  profitably. 

1.  Daranggiri  outcrops. — ^The  outcrops  of  the  principal  seam  in  the  neigh- 
bourhood of  Daranggiri  have  already  been  described  by  Mr.  Medlicott.     (Records, 
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0.  B,  I.y  Vol.  Vlly  pt,  2,  p.  58).  Besides  this  seam  three  are  five  others  exposed  in 
the  cliffs  about  Daranggiri,  but  of  greatly  inf erior  thickness.  The  following  sectkm 
is  exposed  in  a  cliff  on  the  east  side  o£  the  Bongm  (Nongal)  stream,  a  short 
distance  below  its  junction  with  the  Bongmadn,  and  may  be  taken  as  a  type 
section  of  the  coal-measures  throughout  the  field  :-7- 

Ft.  IML 

1.  Coene  yellow  and  brown  tandstonei       •        .        .  aboat  •    240 

2.  White  aandstonefl  with  baoda  of  shaly  elay  rock    .        ^  .70 

9'  Coal „  .1 

4.  Shaly  clay  rock „  .        S 

fi-  Coal „  .        0        10 

6.  Shaly  clay  rock      ....,..„  .4 

^-  Coal „  .06 

8.  White  aandstone  with  bands  of  shale     •        .        .        „  .20 

9,  Coal „  .76 

10.  Sandy  shale  with  stringy  of  coal  in  lower  part       •  ,»  .5 

11.  Coal      ...,•....  ^  ,1 

12.  Carbonaccons  sandy  shale ,,  .6 

18.  Coal 1 

14.  Garbonaceons  shale,  base  hidden  nnder  water         •  *>  .        ? 

Total  .    858        10 

The  section  is  given  in  natural  order;  dip  about  5**  to  south-east. 
In  this  section  the  beds  immediately  below  the  coal  are  not  exposed,  but  on 
following  down  the  stream  the  rise  of  the  strata  gradually  brings  them  up  nntil, 
at  a  short  distance  above  the  junction  of  the  Bongwi  with  the  Sumesaiy,  tiiey 
are  seen  resting  directly  upon  the  gneiss,  and  consist  of  about  200  feet  of  coarse 
purple  and  yeUow  grite  and  conglomerates.  Similarly  to  the  west  of  Daranggiri 
the  seam  may  be  traced  rising  steadily  along  the  cliffs  bordering  the  Rongmadu, 
the  lower  grits  and  conglomerates  appearing  beneath  it,  until  it  is  overlapped  by 
the  higher  strata  which  rest  against  the  gneiss  of  Naramkhol  and  Tobeng  hills- 
To  the  south  of  Daranggiri  the  principal  seam  disappears  beneath  ihe  bed  of 
the  Rongwi,  a  short  distance  above  its  junction  with  the  Eongmadu,  but  it 
appears  again  in  the  same  stream,  about  1 J  miles  further  to  the  south,  being  bent 
up  sharply  against  the  gneiss  of  the  main  range,  with  a  dip  to  nor^-east 
increasing  in  this  section  from  35"  to  65"  within  a  distance  of  100  feet.  On  the 
same  strike  the  seam  appears  to  the  west  in  the  Nongalbicha  stream  ^d  to  the 
east  in  the  Rongju  below  the  village  of  Baduri,  where  it  is  nearly  vertical. 

S,  Simiesary  cwfcropa.— Descending  the  Sumesaiy  from  its  junction  with  the 
Rongwi,  the  south-east  dip  of  the  strata  brings  the  coal  seams  down  to  the  river 
level  about  quarter  mile  above  its  confluence  with  the  Garigithem  stream.  The 
same  series  is  seen  here  as  in  the  section  at  Daranggiri,  except  that  the  lowest 
one  foot  seam  is  absent.  The  dip  of  the  beds  is  2»  to  3"  to  south-east,  but  sli^htlY 
undulating,  and  becoming  horizontal  a  Uttle  further  down  the  river  The  out- 
crep  of  the  principal  seam  here,  and  in  the  Garigithem  stream,  about  a  quarter  mfle 

ft,-Sr  '^^  'J?r  ^"",,^^«^^^^  ^y  ^^-  Medlicott  {loc.  ciL) ;  it  is  about  6  feet 
thick.  Further  to  the  east  the  coal  is  overlapped  towards  the  norih  by  higher 
beds,  which  rest  dn^tly  upon  the  gneiss,  and  occur  in  patches  on  the  tops  7the 
hills  as  far  north  as  Sudugiri.  ^ 
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3.  Ooreng  hill  outcrop. — In  the  nortli-BOuth  reach  of  the  Smneaary  gneiss  is 
exposed  for  a  considerable  distance  above  the  junction  of  the  Bengchi.  This  rock 
extends  beneath  Goreng  hill  to  the  Benchi,  fomnng  an  abnost  horizontal  bat 
nneven  floor,  upon  which  the  coal-measnx^s  rest  horizontally.  The  lower  part  of 
these,  about  200  feet,  consists  of  coarse  grits  and  conglomerates,  which  form  a 
perpendicular  clifE  extending  abnost  continuously  round  the  south  end  of  the  hill. 
At  the  top  of  this  precipice  the  coal  occurs,  but  generally  its  outcrop  is  much 
obscured  by  talus.  Large  fragments  of  it,  however,  occur  in  all  the  streams 
which  flow  from  the  hill  to  the  Sumesaiy  and  Bengchi.  A  good  section  is  ex- 
posed in  the  Nengja  stream,  a  small  tributary  of  the  Bengchi,  about  1  mile  from 

the  latter,  as  follows : — 

Feet 

1.  Coane  landstone,  aboat 12 

2.  Coal,  about 8 

8.  Clay  rook  with  carboaaoeoM  markingB,  aboot                   •  4 

4.  Fiue  yellowish  browu  sandstone,  aboat    ....  4 


In. 
0 
6 
0 
0 


Total 


28        6 


The  beds  are  h(»izontal. 

A  short  distance  down  the  stream  a  band  of  carbonaceous  shale,  about  18 
inches  thick,  is  exposed,  but  in  this  part  of  the  field  I  could  not  find  any  of  the 
smaller  seams  which  occur  at  Daranggiri. 

Total  amount  of  coal. — In  this  area  of  20  square  miles  the  average  thickness 
of  the  seam  is  5  feet  6  inches  (7  feet  6  inches  at  Daranggiri  and  3  feet  6  inches 
on  the  Bengchi) ;  the  total  amount  of  coal  calculated  from  these  data  is  about 
76,000,000  tons. 

Quality  of  the  coal, — The  coal  of  the  principal  seam  is  bright  black  in  colour, 
becoming  brown  when  crushed  ;  it  contains  numerous  specks  and  nests  of  a  brown 
resinous  substance ;  it  lights  readily  and  bums  freely.  The  seam  is  very  free 
from  shaly  partings.  The  coal  from  the  seams  to  the  east  of  the  Bengchi  is 
brownish-black  in  colour,  and  much  more  shaly.  Specimens  taken  from  four 
localities  bave  been  assayed  by  Mr.  Hira  Lai,  Sub-assistant  Geologpical  Survey, 
with  the  following  results.  To  these  I  have  added  an  assay  of  the  coal  from  the 
outcrop  at  Daranggiri,  taken  from  Mr.  Medlicott's  report,  loc.  cit, : — 

Assays  of  Daranggiri  coal. 


Moistnre  (at  230'' F.) 
Volatile,  excluding  moistnre 

Fixed  carbon 

Ash  


/o 

1 


11-5 

88  1 

47-7 

7-7 


7o 

2 


7o 

8 


6*2 
89-4 
61-8 

2-6 


2-6 
216 

40 
71-8 


% 


#0 


80 
81*2 
140 
61*8 


28 
40-2 
27-4 
29-6 


Mo.  1. — Daranggiri,  7'-6"  seam  (hshij  made  in  1874). 

"So.  2. — Nengja  stream,  8'-6"  seam  :  caking ;  asb,  wbite. 

No.  8. — Hill  side  above  Bongtok  stream  t  non-caking;  asb,  wbite. 

No.  4. — Fragment  from  tains  at  ontcrop  in  bank  of  Lengta   stream :  non-caking ;   asb, 
pinkisb. 

No.  5,— *One  foot  seam  in  Bongwi  stream  above  Daranggiri :  non- caking ;  asb,  greyisb  wbite. 
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Position  of  the  principal  seam  as  regards  working. — ^Elxcept  in  the  soniii-wesi 
corner  of  the  field,  where  the  strata  are  bent  np  sharply  against  the  gneiss  of 
the  main  range,  they  are  either  horizontal  or  dip  at  very  low  angles,  and  there 
seems  to  be  an  absolute  freedom  from  faults  over  the  whole  area.  The  greater 
part  of  the  seam  is  above  the  level  of  the  principal  streams  so  that  the  coal  might 
be  economically  extracted,  and  the  mines  drained  by  adits.  Moreover,  as  that, 
rock  immediately  above  the  coal  is  generally  a  fine  clay  lock,  tolerably  imperviouf  j 
to  water,  the  mines  would  to  a  certain  extent  be  kept  dry  by  it. 

That  part  of  the  seam  which  dips  below  the  surface  of  the  rivers  would  hai 
to  be  got  at  by  shafts,  but  the  strata  above  the  coal,  consisting  of  about  300  f< 
of  sandstone  and  shales  would  present  no  dificulty  to  the  fdnking  of  the 
Finally,  the  line  of  the  proposed  railway,  up  the  gorge  of  the  Sumeaary, 
through  the  centre  of  the  field  so  that  if  this  scheme  is  ever  carried  out  th( 
appears  to  be  no  reason  why  the   coal   of  this  field  should  not  be  worked  wil 
facility  and  profit. 

NmwnvaUtio  Ivmestonc-^On  the  high  ground  to  the  east  of  Daranggiri,  th< 
are  two  patches  of  nummulitic  limestone,  indicated  by  sur&ce  fragments,  but 
they  are  entirely  covered  by  jungle  I  was  unable  to  determine  their  thickness 
extent.     However  it  is  quite  :  possible  that  quarries  opened  in  them  would 
ply  lime  sufficient  for  small  buildings  and  other  works  in  the  field  itself. 
Siju  on  the  Sumesary,  to  the  south   of  the  main  range,  is  a  large  deposil 
limestone  of  good  quality. 

In  concluding  I  must  express  my  thanks  to  Captaon  Maxwell,  the  Depi 
Commissioner  of  the  district,  for  the  great  interest  he  took  in  my  work,  and 
the  assistance  he  gave  me,  so  that  although  I  was  totally  unacquainte  d  with 
country  when  I  arrived  in  it,  I  had  no  difficulty  in  obtaining  either  carriage 
supplies. 


On  the  outcrops  of  coal  in  the  Myanoung  division  of  the  Henzada  district.- 
i2.  Romanisy  JD.  8c. ^  Ghemical  Examiner ^  British  Burma  (with  a  plan). 

Having  ascertained  from  Major  Spearman  that  the  coal  reported  in  the  H 
zada  district  was  found  at  Mokhoung,  near  Hleemouk,  on  the  Nangathoo  ri^ 
I  proceeded  thither,  leaving  Henzada  on  the  morning  of  April  27th  and  arriv 
at  Hleemouk  on  the  following  morning.  The  way  lies  along  the  Henzada  emba 
ment  for  25  miles  as  far  as  Kyoukywa,  where  the  Bassein  river  is  crossed ;  the 
by  cart-roads  through  rice-fields  to  Kwingouk,  where  the  Nangathoo  rivei 
passed.  From  this  place  to  Hleemouk  is  about  8  or  9  miles.  The  road  sevc 
times  enters  the  bed  of  the  Nangathoo  stream.  The  last  2  or  3  miles  of  the  r 
pass  through  forest,  but  it  is   almost  level  the  whole  15  miles  from  Kyouky 

I  found  the  outcrop  at  Mokhoung,  the  site  of  a  deserted  village  abotq 
miles  from  Hleemouk.  It  is  at  the  foot  of  a  steep  bank  composed  of  clay 
loose  stones  lying  upon  shales  which  dip  to  the  north  at  an  angle  of  45°,  The 
river  flows  along  the  foot  of  the  slope,  crossing  the  strata  at  right  angles  to  the 
strike.  At  tb  point  where  there  is  a  fold  or  bend  in  the  strata,  and  the  dip  changes 
to  the  south,  the  coal  appears  as  a  bed  22  inches  thick  below  24  inches  of   carbon- 
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aceotiB  sliales.  I  was  not  able  to  follow  tlie  strike  of  the  beds  across  the  river, 
as  there  is  a  wide  alluvial  tract  on  the  other  side  beneath  which  it  is  concealed, 
if  it  exists  at  all,  nor  could  it  be  found  to  the  south  of  the  fault,  where  the  beds 
dip  to  the  south.  As  it  appears  at  a  fault,  the  coal  is  much  broken  bj  the  bend* 
ing  of  the  rocks,  and  patches  of  shale  occur  throughout  the  bed,  which  induced 
me  to  think  it  a  mere  pocket  in  the  shale.  A  watercourse,  which  seems  to  mark 
the  line  of  dislocation,  enters  the  stream  at  the  place  where  the  coal  appears. 
About  100  yards  further  up  the  stream  some  coal  was  found  amongst  the  debris 
at  the  foot  of  the  bank ;  Qoid  in  a  watercourse  which  enters  the  stream  to  the 
north  is  a  thin  bed  of  carbonaceous  shale  under  a  bed  of  quartz. 

Whfle  at  Hleemouk  a  piece  of  coal  was  brought  in,  said  to  be  from  Kjwaising 
in  the  Okepo  district.  On  examining  it  I  found  that  it  melted  and  formed  a  coke, 
which  the  Mokhoung  coal  does  not  do.  I  at  once  proceeded  to  the  place,  which 
is  about  12  or  14  miles  from  Hleemouk,  near  the  junction  of  the  stream,  called  in 
Fitzroy's  map  the  Shwayneing  with  the  Okepo  river.  It  is  not  marked  in 
that  map,  which  appears  to  be  incorrect  in  the  representation  it  gives  of  this 
district. 

On  arriving  at  Kywaising  we  were  conducted  to  the  coal.  It  is  found  at  a 
place  about  Ij^  hour's  walk  from  Kywaising  over  low  hills  covered  with  bamboo 
forest. 

The  coal  appears  at  a  sharp  bend  of  a  watercourse  which  flows  from  north  to 
south  into  the  Shwayneing  river.  At  the  point  where  the  coal  is  exposed  the 
stream  makes  a  sharp  turn  and  flows  from  west  to  east  for  about  120  yards.  The 
south  bank  is  about  50  feet  high  and  steep.  The  coal  is  exposed  along  the  whole 
of  the  bank  in  a  bed  about  12  feet  thick.  •  A  cutting  was  made  into  the  coal  when 
the  following  section  was  found : — 

Feet.  Inches. 

Soil  and  decomposed  yellow  shale 6  or  6  0 

Garbonaceoiis  shale 0  4 

Coal 1  6 

Garbonaceoiis  shale 0  2 

Coal 1  6 

Carbonaceons  shale 0  4 

Coal 1  6 

Carbonaceons  shale 0  8 

Coal 1  6 

Carbonaceons  shale 1  6 

Coal,  good  quality 2  0 

Coal,  inf  enor 2  0 

Total       .        11  6 

The  lower  portion  was  concealed  by  debris,  and  the  exact  thickness  could  not 
he  estimated.   Since  my  return  I  have  been  informed  by  Mr.  Lewis,  who  continued 
the  work  after  I  left,  that  the  layers  of  shale  become  mere  partings  in  the  coaJ, 
and  that  there  are  6  feet  of  coal,  then  2  feet  of  shale,  and  then  4  feet  of  coal,  the 
upper  2  feet  of  good  quality. 

The  dip  of  the  bed  of  coal  is  30'',  to  E. 
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I  examined  the  rocks  in  the  neighbourliood  and  found  that  they  dipped 
the  coal  at  30^  to  E.  The  strike  is  north  and  south.  I  observed  lajorB  of  carbo- 
naceous shale  at  three  places  in  the  watercourse,  and  found  that  they  craflsed  it 
and  passed  under  the  opposite  bank,  showing  that  there  is  no  &ult  bat  tlie  strvta 
dip  under  the  hill  to  the  east.  Over  one  of  these  beds  there  lies  a  tliKsk  bed 
of  quartz-breccia.  From  the  dip  of  the  strata  and  the  position  of  the  quartx-brec- 
da  and  shale  I  conclude  that  they  lie  under  the  ooaL 

Having  finished  my  observations  at  this  place  I  visited  the  outcrop  at 
Poosoogyee,  in  the  Myanoung  district.  On  my  way  through  Hleemouk  I  reruated 
the  outcrop  there.  It  was  too  dark  to  see  what  had  been  done,  but  I  was  told 
that  the  coal  had  come  to  an  end  after  four  bags  had  been  got  out»  and  i^t  the 
rest  was  all  shale.  Mr.  Lewis,  who  saw  the  place  by  daylight,  says  this  is  not 
the  case ;  there  is  a  layer  of  coal  18  inches  thick. 

Poosoogyee  is  about  30  miles  from  Myanoung,  on  the  Padaw  river.  On  my 
way  I  halted  at  a  Ghin  village,  Yaynantoung,  so  named  from  a  petrolenm  spring 
about  4  miles  away  in  the  hills.  I  did  not  visit  it  as  the  quantity  of  petrole- 
um is  very  small,  but  it  is  evidence  of  the  presence  of  bituminous  strata^  The 
spring  is  marked  on  the  map  as  east  of  the  village. 

The  outcrop  of  coal  is  about  4  nules  from  Poosoogyee  on  the  left  bank  of 
the  Padaw  stream.  It  is  a  band  varying  from  18  to  6  inches  in  a  bed  of  carbo- 
naceous shale  dipping  60'',  to  E.  It  is  very  finable,  crumbling  into  powder  between 
the  fingers.  The  stratum  in  which  it  occurs  is  much  contorted,  and  in  one  or  two 
places  the  coal  thins  out  altogether.  On  examining  the  neighbourhood  I  found  a 
bed  of  quarts  conglomerate  overlying  abed  of  bituminous  shale  in  two  places, 
one  further  up  the  stream  than  the  coal,  the  other  lower  down,  dip  60°  to  N.E.  at 
the  latter,  60°  to  E.  at  the  former,  evidently  passing  below  the  ooal,  and  thus 
bearing  the  same  relation  to  the  coal  that  sindlar  beds  do  at  Kywaising 
and  Mokhoung,  from  which  I  infer  that  the  same  strata  of  coal,  shale  and  con- 
glomerate appear  at  each  place.  The  coal  is  at  its  maximum  thickness  at  Kywai- 
sing and  thins  out  to  22  inches  at  Mokhoung,  12  miles  south,  and  to  less  than 
12  inches  at  Poosoogyee,  18  miles  north.  The  following  diagram  shows  the  oider 
of  the  strata,  as  it  appears  to  me  : — 

Yellow  shales  and  sandstone  several  hundred  feet. 

Coia  10  feet. 

Carbonaceous  shale  (?) 

Yellow  shale  and  sandstone,  300  feet. 

Quartz  breccia,  6  feet. 

Carbonaceous  shale,  2  feet.  (?) 

I  do  not  think  that  it  is  worth  while  at  present  to  bore  at  either  Poosoogyee 
or  Mokhoung.  At  Poosoogyee  the  rocks  are  much  contorted ;  they  have  been 
indurated  by  infiltration  of  silica ;  the  dip  is  great  and  the  seam  irregular.  It  is 
possible  that  the  irregularity  is  due  to  the  twisting  of  the  strata  at  the  point 
where  they  crop  out,  and  that  a  boring  put  down  to  the  eastward  may  find  the 
coal  more  regular  and  less  friable,  but  it  seems  to  me  that  the  Kywaising  out- 
crop is  the  one  most  likely  to  repay  exploration. 
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I  should  recommend  that  two  borings  be  made,  one  to  trace  the  coal  under  the 
oppositK  bank  of  the  stream,  that  is,  to  the  eastward,  the  other  to  the  southward 
to  follow  the  coal  towards  the  riyer.  The  shale  and  soil  covering  the  coal  on  the 
west  side  of  the  watercourse  cannot  be  many  feet  thick,  and  several  borings  may 
be  made  without  trouble. 

As  to  the  question  of  transport,  the  Okepo  river  is  navigable  during  the  rains 
for  boats  of  10  tons  as  far  as  Eywaising.  The  coal  is  about  5  or  6  miles 
distant  from  the  village.  Four  miles  of  the  road  are  level,  but  the  bed  of  the 
Shwayneing  river  is  crossed  several  times.  For  the  last  2  miles  the  road  is  the 
bed  of  a  watercourse  covered  with  loose  stones,  but  if  the  coal  is  in  quantity 
there  will  be  no  difficulty  in  making  a  path  by  clearing  the  bamboo  forest  and 
cutting  a  road  in  the  hillside.  Good  timber  may  be  obtained  from  the  pyinkado 
trees  (Xylia  dolahriformis)^  which  grow  plentifully  on  the  spot.  In  the  dry 
weather  there  is  only  enough  water  in  the  Okepo  to  float  bamboo  rafts,  but  it  is 
only  16  miles  by  cart-roads  to  the  Bassein  river,  and  I  suppose  a  Hght  tramway 
might  be  laid  down  at  small  cost,  if  the  coal  is  in  sufficient  quantity. 

Analyses  of  ooal :  Kywatsing.      Poosoogyee. 

Moittnre                 1*48  6*36 

VoUme  matter 26*68  18*21 

Fixed  carbon 66*12  69*65 

Aah 6*82  6*78 


10000  100*00 
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heft  2,  with  plates  191—196.    (1882),  8yo.,  Leipzig. 

Ranob,  Chab.  E.  db.— The  Water-Supply  of  England  and  Wales  (1882),  8vo.,  London. 

Baspb,  R.  B.— An  account  of  some  German  Yolcanos  and  their  productions  (1876),  Sm, 

London. 

Mb.  J.  Wood-Masoit. 
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Bbab,  T.  Mxliabd.— ''BivkBS.*'  (1882),  8vo.  pampldet,  LiTeipool. 

Thb  Authob. 

R^YT.  J.  J.— HydiaiiHcs  of  Great  IBiTers.    The  ParaniL,  the  Uruguay,  and  the  La  Plata 

Estuary  (1874),  4to.,  London. 
Sktth,  W.  W.— a  rudimentary  treatise  on  Coal  and  Coal  Mining,  6tli  Edition  (1882),  8vo., 

London. 
Walsh,  M. — Chemical  and  Geological  Observations  relating  to  brick-making  in  Western 

India  (1869),  Svo.  pamphlet,    London. 
Weiss,  Db.  E.— Aus  der  Floia  der  Steinkohlenformation  (1881),  8to.,  Berlin. 

PEEIODICALS,  SERIALS,  Ac. 

American  Journal  of  Science,  3id  Series,  VoL  XXIII,  Noe.  136  and  136.    (1882),  8vo.,  New 

Hayen. 

Thb  Editobs. 

Annalen  der  Physik  und  Chemie,  New  Series.    Band  XV,  heft  3  &  4 ;  and  YI,  heft  1 

(1882),  8vo.,  Leipzig. 
Annales  des  Mines,    Series  YU,    Tome  XX,  livr.  5  &  6  (1881),  8yo.,  Paris. 

L'  ABUINS.  DBS  MiKBS. 

Annales  des  Sciences  Natmrelles,  6me  S^rie,  Botanique,  Tome  XII.,  Nos.  2—^    (1882), 

8t0.,  Pcuris. 

Annales  des  Sciences  Naturellee,  6me  S^rie.    Zoologie,  Tome  XII,  Nos.  3 — 6.    (1881),  8yo., 

Paris. 
Annals  and  Magazine  of  Natural  History,  6th  Series,  Yol.  IX,  Nos.  62-64  (1882),  8vo., 

London. 
Archiv  fiir  Naturgeschicbte,  Jahrg.  XLYII,  heft.  6,  ft  XLYIII,  heft.  2  (1881-82),  8vo., 

Berlin. 
AthensBum,  Nos.  2837—2860.    (1882),  4to.,  London. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  YL    Nos.  3—6,  (1882),  8vo., 

Leipzig. 
Biblioih^ue  Uniyerselle.    Aichiyes  des  Sciences  Physiques  et  Naturelles.    3me  P^riode 

Yol.  VI.  No.  12,  &  Yn,  Nos.  1—3  (1881-82),  8vo.,  Geneve. 
Biblioth^ue  Uniyeraelle  et  Bevue  Suisse.    3me  P^riode,  Yol.  XUI,  Nos.  37—39,  and  XIY, 

Nos.  40  &  41  (1882),  8to.,  Lausanne. 
Botanisches  Centralblatt.    Band  IX,  Nos.  9—13,  A  X,  Nos.  1—9.    (1882).  8vo.,  Cassel. 
Botanische  Jahresberichte,  Jahrg.  YI,  Abth.  IL  heft.  3.    (1882),  8?o.,  Berlin. 
Chemical  News,    Yol.  XLY,    Nos.  1163— 1176  (1882),  4to.,  London. 
CoUiery  Guardian,  Yol.  XLUI,    Nos.  1106—1118    (1882),  foL,  London. 
Das  Ausland,  Jabrg.  LY,  Nos.  10—23  (1882)  4to.,  Stuttgart. 

Geological  Magazine,  New  Series,  Decade  II,  Yol.  IX.,  Nos.  4-6  (1882),  8yo.,  London. 
Iron,  YoL  XIX,  Nos.  478—491.    (1882)  f  ol,  London. 
Journal  de  Conchyliologie,  3me  S^rie,  Yol.  XXI,  No.  4  (1881),  8to.,  Paris. 
Journal  of  Science.  3rd  Series,  Yol.  lY,  Nos.  100—102 ;  (1882),  8vo.,  London. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  6th  Series. 

Yol.  XIII,  Nos.  81—83.    (1882),  8yo.,  London. 
Hineralogical  Magazine,  No.  21,  Geological  Map  of  Sutherland.    (1881).  8to.,  London. 
Mining  Journal  with  Supplement,  Yol.  LII,  Nos.  2428—2441.    (1882),  fol.,    London. 
Natuns  Novitates,  Nos.  6—11  (1882),  870.,  Berlin. 
Nature,  Yol.  XXY,  Nos.  646-663  and  XXYI,  Nos.  664-668  (1882),  4to.,  London. 
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Neues  Jahrbuch  fiir  Mineralogie,  G^logie  und  PalsBontologie,  Jahrg.  1882,  Band  I,  lieft.  3 

(1882),  8vo.,  Stuttgart. 
Palasontographica  Band  XXVIII,  lief.    4—6  (1881),  4to.,  Cassel. 

Petermann's  Geographische  Mittheilungen.    Band  XXYIII,  Nos.  3 — 6  (1882),  4to.,  GoUuk 
Ditto  ditto  Supplement,  Nos.  67  &  68  (1882),  4to.,  Gotha. 

Quarterly  Journal  of  Microscopical  Science,    New  Series,  Vol.  XXU,  No.  86  (1882),  8to., 

London. 
Zoological  Record  for  1880,  Vol.  XVII  (1881),  8vo.,  London. 

GOVERNMENT  SELECTIONS,  REPORTS,  Ac. 

Assam. — Report  on  the  Administration  of  the  ProYince  of  Assam  for  1880-81  (1882),  8to., 

Shillong. 

Chibf  Commissioheb,  Ab81M. 

Bbitish  Bubha. — Report  on  the  Census  of  British  Burma  taken  on  the  17th  February  188L 

(1881)  flsc,  Rangoon. 

Rsy.  &  AoBic.  Deft. 

XNDIA. — Annual  Statement  of  the  Trade  and  Navigation  of  British  India  with  Foreign 

Countries  and  of  the  Coasting  Trade  of  the  several  Presidencies  and  Pro* 
vinces  in  the  year  ending  31st  March  1881,  VoL  II  (1882),  4to., 
Calcutta. 

SuPDT.,  Govt.  PBiiniKO. 

„       Indian  Meteorological  Memoirs,  VoL  I.  (1876-81),  4to.,  Calcutta, 

Mbteobolooical  Rbpobtbb  to  Govt,  of  Ln>u* 
„       List  of  Civil  Officers  holding  gazetted  appointments  under  the  GU)vemment  of  India 
in  the  Home,  Legislative  and  Foreign  Departments,  as  it  stood  on  the  Ut 
January  1882; (1882),  8vo.,  Calcutta. 

HoKB  Defabtmbnt. 
,f       Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department 
Nos.  183  &  184  (1882),  8vo.,  Calcutta. 

Fobbign  Dbfibtmbitt. 

N.-W.  Peoviwcbs — ^Atkinson,  E.  T.— Gazetteer  of  the  N.  W.  Provinces,  Vol.  X  (1882), 

8vo.,  Allahabad. 

Govt.  N.  W.  Pbovifcis  • 
Punjab. — ^Report  on  the  Administration  of  the  Punjab  and  its  Dependencies  for  1880*81 

(1881),  8vo.,  Lahore. 

PiKJAB  Govt. 
„        Selections  from  the  Records  of  the  Govt,  of  the  Punjab,  New  Series,  No.  XVIII 
(1882)  8vo.,  Lahore. 

PuirjAB  Govt. 

TRANSACTIONS,  PROCEEDINGS,  Ac.,  OF  SOCIETIES,  SURVEYS,  Ac. 

Austbbdah. — Jaarboek  van  het  Mijnwezen  in  Nederlandsch  Oost-Indie,  Deel  11  (1881) 

8vo.,    Amsterdam. 

Nbthbblands  Colokial  Dbft 

Batavia. — ^Notulen  van  de  Algemecne  en   Bestuurs-vergaderingen  van   het  Bataviaasch 

Genootftchap  van  kunsten    en  Wetenschappen,  Deel    XIX,  Nos.  2 — 4 
(1881-82)  8vo.,  Batavia» 

Thb  Socibtt. 
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BATAyiA.-*Tal>el  van  Oud-en  Nienw-Indische  Alpbabetten.    Bijdiag  tot  de  Palaeographie 

van  Nederlandsch-Indie  door  E.  F.  HoUe  (1882),  8vo.,  Batavia. 

Th«  Societt. 
„         Tijdsclirift  toot  indisclie  Taal-Land-en  Yolkenkande.    Deel  XXYII,  Afl.  1^-5 
(1881-82),  8yo.,  Batavia. 

The  Society. 
„         Verhandelingen  van  hot  Bataviaasch   Genootschap    van  Ennsten  en  Wetens- 
ohappen,  Deel  XLI,  afl.  3,  and  XLII,  1  (1881),  8vo.,  Batavia. 

The  Society. 
Bblfabt.-- Proceedings  of  tlie  Belfast  Natoral  History  and  PhUosophioal  Society  for  the 

session  1880-81  (1882),  8vo.,  Belfast 

The  Society. 
Bbbuk. — Zeitfichrift  der  Deatschen  Gkologidchen  Glesellschaft.    Band  XXXIII,  heft  4. 

(1881),  8vo.,  Berlin. 

The  Society. 
Bristol. — Bristol  Museum  and  Library.     Beport  of  Proceedings  at  the  11th  Annual  Meeting 

held  16th  February  1882.    (1882),  8vo.,  Bristol 

The  Museum. 
BBV88EL8.--Bulletin  de  la  Soci^td  Beige  de  Geographic,  No.  6,  1881 ;  and  No.  1, 1882 ; 

(1881-82),  8vo.,  Bruxelles. 

The  Society. 
„  Proems- Yerbaux  des  Stances  de  la  Soci^t^  Boyale  Malacologique  de  Belgique. 

Tome  XI,  pp.  I  to  LXXV.    (1882),  8vo.,  Bruxelles. 

The  Society. 
Caen.— Bulletin  de  la  Soci^t^  Linndenne  de  Normandie,  3me  S^rie,  VoL  IV.    (1880),  8vo., 

Caen. 

The  Society. 
CALCUTTL^General  Beport  on  the  Operations  of  the  Survey  of  India  for  1880-81.    (1882) 

flsc,  Calcutta. 

The  Subvey  of  India. 
„         Journal  of  the  Asiatic  Society  of  Bengal.    New  series.  Vol.  XLIX,  Extra  number 
to  Part  I.  for  1880 ;  and  Vol.  LI,  part  I,  No.  1  (1882).     (1880  and  1882) 
8vo.,  Calcutta. 

The  Society. 
„  Proceedings  of   the  Asiatic  Society  of  Bengal,  Nos.  II— lY.     (1882),   8vo., 

Calcutta. 

The  Society. 
„         Records  of  the  Geological  Survey  of  India,  VoL  XV,  Pi  2.    (1882),  8vo., 
Calcutta. 

Geolooioi£  Subvey  of  Iitoia. 
„         Beport  of  the  Archseological  Survey  of  India,  Vol.  XIII.    (1882)  8vo.,  Calcutta. 

HoHE  Deft. 
„  University  of  Calcutta.    Minutes  for  the  year  1881-82.    (1882),  8vo.,  Calcutta. 

Mb.  H.  B.  Medlicott. 
Cambbidge. — ^Bulletin  of  the  Museum  of  Comparative  Zoology,  Vol.  IX,  Nos.  6—8.  (1882), 

8vo.,[,Cambridge. 

The  Mubbuh  of  Compabatite  Zoology. 
CoPBKHAaEK.— M^moires  de  I'Acad^mie  Boyale  de  Copenhague,    6me  s^rie,  Vol.  ^  No.  6, 

(1881),  4to.,  Copenhague. 

The  Academy* 
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CoPBKHAGBN.— Oversigt'over  dot  Kong,  danske  "^deiiBkabeniM  Selflkabe,  1881,  No.  3,  and 

1862^  No.  1.    (1881-82),  8yo.,  Copenhagae. 

Thb  AcadimT' 
Emkbuboh.— Proceedings  of  the  Royal  Sodety  of  Edinburgh,  1833—34,  No.  4 ;  Vrf.  X, 

Nob.  103  and  107 ;  VoL   XI,  No.  108  (1888,  1834,  and  1878  to  1^1) 
8yo.,  Edinburgh. 

Thb  Socistt. 
„  Transactions  of  the  Royal  Society  of  Edinburgh,  VoL  XXVllI,  Pt  3 ;  XXIX, 

Pts.  1—2 ;  and  XXX,  Pt.  1  (1877  to  1881)  4to.,  Edinburgh. 

Thb  Sochtt. 

„  Transactions  of  the  Royal  Scottish  Society  of  Arte,  Vol  X,  Pt:  4.    (18S2), 

8vo.»  Edinburgh. 

Thb  Sociiti. 
Habbisbubg.— Second  Geological  Survey  of    Pennsylvania.    Report  of  Progress,  V,  by 

H.  Martyn  Chance.    (1879),  8vo.,  Harrisbuig. 

Thb  Subvbt. 
iNDiXNAPOLis.-^Annual  Reports  of  the  Geological  Survey  of  Indiana  from  1873  to  1875. 

(1874-1876),  8vo.,  Indianapolis. 

Mb.  W.  T.  Blibpobp. 
LoKBOK. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  VoL  XI, 

No.  8.  (1882),  8vo.,  tiondon. 
„         Journal  of  the  Iron  and  Steel  Institute,  No.  II  (1881),  8vo.,  London. 

Thb  Ibstitutb. 

„         Journal  of  the  Royal  Asiatic  Society  of  Great  Britam  and  Ireland.    New  Series, 
VoL  XIV,  Part  1.    (1882),  8vo.,  London. 

Thb  Soonrrr. 

.,         Journal  of  the  Society  of  Arts,  Vol.  XXX,  Nos.  1629—1542.    (1882),  870., 
London. 

Thb  Socibtt. 
„         Proceedings  of  the  Royal  Geographical  Society,  New  Series,  VoL  IV,  Noe.  2-S. 
(1882),  8vo.,  London. 

Thb  Socibtt. 
H         Piroceedings  of  the  Royal  Society  of  London,  Vol.  XXXUI,  Nob.  216—218. 
(1881),  8vo.,  London. 

Thb  Socibtt. 
»         Proceedings  of  the  Zoological  Society  of  London,  1881,  Part  4    (1882),  8vo., 
London. 

Thb  Socibtt. 
„         Transactions  of  the  Zoological  Society  of  London,  VoL  XI,  Part  6,  and  General 
Index  to  Vols.  I  to  X.    (1881),  4to.,  London. 

Thb  Socibtt. 
„         Quarterly  Journal  of  the  Geological  Society,  Vol.  XXXVIII,  Part  I,  No.  149. 
(1882),  8vo.,  London. 

Thb  Socibtt. 
Madbid.— Boletin  de  la  Sodedad  Geografica  de  Madrid,  VoL  XII,  Nos.  2—4.    (1882),  Svo., 

Madrid. 

Thb  Socibtt* 
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MAKCHBBTBB.—TranBactioiLB  of  tlie  ManoheBter  Geological  Society,  Vol.  XVI,  parts  13 — 16, 

(1882),  8to.,  Manchester, 

The  Socibtt. 

MBiBOXTBirx. — ^Beport  of  the  Chief  Inspector  of  Mines  to  the  Hon'ble  the  Minister  of  Mines 

for  1881.   (1882)  flsc.,  Melbourne. 

Miking  Dbfabtmbkt,  Victobia. 
„  Reports  of  the  Mining  Surveyors  and  Begistrars  for  quarter  ending  31st 

December  1881.    (1882)  flso.,  Melbourne. 

MisiNO  Dbpabthbkt,  Viotobia. 
Moscow.— Bulletin  de  la  Sooi^t^  Imp^riale  des  Naturalistes,  Tome  LVI,  pt.  1  (1881),  8yo., 

Mosoou. 

The  Socibtt. 

„         NouTcaux  M^moires  de  la  Socidt^  Imp^riale  des  Natnralistes  de  Mosoou.    Tome 
XIV,  Htt.  2  (1881)  4to.,  Moscou. 

The  Socibtt. 

NswoiSTLB-trPOir-TTirB. — Transactions  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers,  2nd  Edition,  Vols.  I-II,  (1860-1863) ;  Ist  Edition* 
VIII  to  XX  and  XXII  to  XXXI,  parts  1-3  (1860  to  1882),  8to.,  New- 
castle. 

Thb  Ikstitutb, 

NBWCASTLB-UTOir  Ttkb. — An  account  of  the  Strata  of  Northumberland  and  Durham  as 

proved  by  borings  and  sinkings,  A  to  B  and  C  to  E,  (1878  and  1881)  8vo., 
Newcastle. 

The  Ikstitutb. 
Pabis.— Bulletin  de  la  Soci^t^  G^logique  de  France,  3me  S^rie,  Tome  X,  No.  2,  (1882),  8to. 

Paris. 

The  Socibtt. 

„        M^moires  de  la  Bod6t6  G^logique  de  France,  3me.  S^rie,  Tome  11,  Noe.  1-2  (1881- 

1882),  4to.,  Paris. 

The  Socibtt. 

M        Cknnptes  Bendus  hebdomadaires  des  s^nces  de   I'Acad^mie  des    Sciences,  Vols. 

LXXXIX  to  XCI  (1879-80),  4to.,  Paris. 

The  Acadbxt. 
„        Institut  de  France,  Acad^mie  des  Scienoes.    Baoueil  de  Mteoires  Bapi>ortB   et 

Documents  relatifs  a  robseryation  du  Passage  de  V^nus  sur  le  Soleil. 

Tome  II,  No.  2.    (1880),  4to.,  Paris. 

Thb  Acadext. 
ft       Tables  G^n^rales  des  travauz  oontenus  dans  les  M^moires  de  L'Acad^mie  des 

Scienoes,  Ire  Sine,  Tomes  I  a  XIV,  et  2de  S^rie,  Tomes  I  a  XL.    (1881), 
4to.,  Paris. 

Thb  Acadext. 

ft       Tables  G^n^rales  des  travaux  contenus  dans  les  M^moires  pr^sent^  par  divers 

savants  a  TAcad^mie  des  Srienoes,  Ire  S^rie^  Tomes  I  a  II,  et  2de  S^rie, 
Tomes  I  a  XXV.    (1881),  4U).,  Paris. 

The  Acadext. 

„       Legrand,  Dr. — ^La  Nouvelle  Soci^t^  Indo-Chinoise  fond^  par  M.  le  Marquis  de 

Croizier  et  son  ouvrage  L'  Art  Khmer.    (1878),  8vo.  pht,  Paris. 

Thb  Socibtt. 
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Pabis. — M^moires  de  la  Soci^t^  Acad^mique  Indo-Chinoise  de  Paris,  VoL  II.    (1879),  4to.> 

Parifl. 

Ths  Socibtt. 
„        Soci^t^  Acad^miqne  Indo-Gliiiioise  de  Paris.    Actes  Compte  Bendu  des  Stances. 

Vol.  I,  pt.  1.    (1879),  8vo.,  Paris. 

Trb  SociBTr. 
y,        Soci^t^  Acad^miqne  Indo-Chinoise  de  Paris.    Rapport  sur  la  possibility  d  etablir 

des  relations  commeroiales  entre  la  France  et  la  Birmanie,  par  Louis 
Vossion.    (1879),  8vo.  pM.,  Paris. 

Thb  SocrsTr. 
Pbbzance.— Transactions  of  the  Bojal  Geological  Society  of  (Tomtrall,  Vol.  X,  Part  4. 

(1882),  8vo.,  Penzance. 

Thx  Socistt. 

Philjldblphia.— Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXXXIII,  Nos*  M. 

( 1882 ,)  8vo.,  Philadelphia. 

The  Ikstitdtx* 

PiSA.^Atti  della  Societa  Toscana  di  Scienze  Naturali.    Process!  Verbali,  Vol.  Ill,  pp.  29-91. 

( 1882 ),  8vo.,  Pisa. 

Thb  Socibtt. 

RoMB.— Atti  della  R.  Accademia  deiLincei,  3rd  Series,  Transunti,  VoL  VI,  fasc  7-12  (1882), 

4to.,  Roma. 

Thb  Agadbxt. 

SALBH.~-Bulletin  of  the  Essex  Institute,  Vol.  XIII,  Nos.  10-12  ( 1882),  8vo.,  Salem. 

The  Ikstitutb. 

SHAKGHAl.^Joumal  of  the  North  China  Branch  of  the  Royal  Asiatic  Society,  VoL  I,  No. 

3 ;  IL,  No.  I ;  New  Series,  Nos.  I  to  IV,  and  Nos.  VI  to  XVI.,  pts  1-2. 
(1859  to  1882 ),  8yo.,  Shanghai. 

The  Socibtt. 

„  Catalogue  of  the  Library  of  the  North  China  Branch  of  the  Royal  AsiatiG 

Society,  by  Henri  Cordier.   ( 1872. ),  8va,  Shanghai. 

Thb  Sochtt. 

„  Report  of  the  Council  of  the  North  China  Branch  of  the  Royal  Asiatic  Society 

from  1864  to  1868.  ( 1865-69  )•  8yo.,  Shanghai. 

The  Socrtt. 

St.  Pbtebsbttbo.— Bulletin  de  L'Acad^mie  Imp^riale  des  Sciences  de  St.  P^tersboui^^,  Vol. 

XX Vn,  No.  3  ( 1881 ),  4to.,  St.  P^terebourg. 

The  Acadbht. 

„  M^moires   de  |L'Acad^mie   Imp^riale  des  Sciences  de  St.    P^tersbourg, 

7me  S^rie,  Vol.  XXVEII,  Nos.  8  and  9 ;  and  XXIX.,  Nos.  1-3  ( 1881),  4toi, 
St.  P^tersbourg* 

Thb  Acadeht. 

STDBBT.'--Joumal  and  Proceedings  of  the  Royal  Society  of  New  South  Wales,  VoL   XIV, 

( 1881 ),  8vo.,  Sydney. 

The  Socibtt. 

TtTBiir.— Atti  della  R.  Accademia  delle  Scienze  di  Torino,  Vol.  XVII,  Nos.  2-4  (1882),  Sra, 

Torino. 

Thb  Acadbht. 
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YiBKHA.— 'Jahrbach  der  kais.  k5nig.  Geologisohen  Beiobsanstalt,  Band  XXXI,  Nos.  2-4 

(1881),8vo.,  Wien. 
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Notes  on   a   traverse   across   some  gold-field   of  Mysore,    hy    R.   Bruce   Foote, 
p.  G.  s.,  Deputy  Superintendetit,  Geological  Survey  of  India,     (With  a  map,} 

In  August   1881,  I  made  a  rapid  traverse  north-westward  from  Bangalore 
to  the  neighbourhood  of  Honali  (Honhullj)  on  the  Tungabhadra  and  yerj  nearly 
up  to  the  southern  boundary  of  Dharwar  District.     As  my  route  lay  in  most 
parts  across  a  very  bare  and  open  country  and  I  travelled  by  day  only,  map  in 
hand,  I  was  able  to  form  a  very  fair  general  idea  of  the  leading  features  of  the 
country,  which  [proved  to  be  of  much  interest  for  comparison  with  the  results  of 
various  traverses  I  had  made  in  the  South  Mahratta  Country,  the  southern  part 
of  which  is  formed  of  the  northerly   continuation  of  the  great  gneissic   series 
which  forms  the  Mysore  plateau.     Later  in  the  year  I  connected  the  Bangalore 
end  of  the  traverse  with  older  work  in  Saleni  District  by  another  traverse  along 
the  Madras  railway  down  to  Jalarpett  Junction.     The  results  of  the  combined 
traverses  show  that  the  Mysore  table-land  is  traversed  by  great  bands  of  granitoid 
and  schistose  gneiss,  the  southerly  extensions  of  some  of  the  great  bands  recog- 
nized in  the  South  Mahratta  Country.      When  the  whole  of  this  region  shall 
have  been  geologically  examined  it  is  more  than  probable  that  all  the  bands 
known  to  the  north  of  the  Tungabhadra  (see  map )  will  be  traced  far  to  the 
south.      The  traverse   now   to   be   described   shows  that  three   great   bands   of 
schistose  rock  occur  on  the  Mysore  plateau,  and  that  two  of  these  are  actual 
continuations  of  two  of  the  great  schistose  bands  in  Dharwar  districts  which,  in 
my  Memoir  of  the  Geology  of  the  South  Mahratta  Country  (Memoirs,  Geological 
Survey  of  India,  Vol.  XII,  p.  43)  I  described  as  the  Nargund  and  Bail  Hongal 
(Dharwar)  bands.     For  convenience  of  description  these  bands  wiU  in  the  sequel 
be  referred  to  as  the  **  Dharwar — Shimoga"  and  "Dambal — Chiknayakanhalli  " 
bauds.     Both  these  bands  have  been  traced  across  the  Tungabhadra,  the  latter 
in  a  chain  of  hills  running  down  southward  to  Chitteldrug  and  Chiknayakan- 
halli,  while  the  former  forms  another  chain  of  hills  passing  Harihar  (Hurryur) 
and  Shimoga  and  stretching  further  south  towards  Hassan.     These  bands  are 
of  considerable   width,   the   Dambal^ — Chiknayakanhalli   band,    which  is   consi- 
derably the  narrower  of  the  two,  measuring  18  miles   across  whore  crossed  by 
the  line  of  section.     In  addition  to  their  geological  interest,  these  two  bands  aro 
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of  importance,  as  within  their  limits  occur  several  of  the  auriferous  tracts  which 
have  of  late  attracted  so  much  attention.  The  Dharwar — Shimoga  band  is  slightly 
auriferous  at  its  northern  extremity,  and  streams  rising  on  it  near  Bail  Hongal 
and  Belowaddi  in  the  Sampgaon  Taluq  of  Belgaum  district  used  formerly  to  be 
washed  for  gold.  The  auriferous  tract  of  HonaU  lies  within  the  same  schistofie 
band  a  little  to  the  north  of  Shimoga.  The  Dambal — Chiknayakanhalli  hand 
contains  the  auriferous  tract  of  the  Kapputgode  hills,  near  Dambal  to  the  north 
of  the  Tungabhadra ;  while  south  of  that  river  on  the  Mysore  plateau,  near  the 
town  of  Chiknayakanhalli,  are  quartz  reefs  reported  to  be  auriferous,  and  which 
have  attracted  the  notice  of  several  speculators,  who  have  taken  up  land  for  min- 
ing purposes. 

This  schistose  band  is  seen  to  stretch  away  far  to  the  south-south-east  in  a 
line  of  low  hills,  and  is  said  to  extend  to  Seringapatam,  passing  that  place  and 
the  town  of  Mysore  to  the  eastward,  and  then  trending  round  to  the  south-west 
and  continuing  into  south-eastern  WynAad,  where  it  forms  the  gold-field  around 
Devala.  This  tallies  with  Mr  King's  observations  in  the  Wyndad,*  a  strong  hand 
of  schistose  gneiss  having  been  shown  by  him  to  occur  at  and  around  Devala,  in 
which  chloritic  schists  occupy  an  important  position.  My  informant  as  to  this  ex- 
tension of  the  Dambal — Chiknayakanhalli  band  was  Mr.  Lavelle,  the  pioneer  gold 
prospector  of  the  present  time,  who  has  traced  the  band  from  the  Wynaad  north  to 
beyond* Chitteldrug.  I  have  no  doubt  but  that  Mr.  Lavelle's  observations  wiU  be 
fully  confirmed  when  the  whole  of  Mysore  shall  have  been  surveyed  geologically. 
If  the  parallelism  of  strike  continues  between  the  southward  extension  of  the 
Dharwar — Shimoga  band  and  that  of  the  Dambal — Chiknayakanhalli  band,  it  is 
highly  probable  that  the  former  will  be  found  to  constitute  the  auriferous  tract 
said  to  exist  in  the  North  Wynaad.  The  stratigraphical  relations  of  the  several 
great  bands,  both  granitoid  and  schistose,  have  yet  to  be  worked  out,  for  in  the 
northern  part  of  the  great  gneissic  area  they  were  found  too  obscure  to  be 
satisfactorily  explained,  and  it  remains  to  be  seen  whether  they  represent  two 
or  more  great  systems.  Their  position  and  relation  are  shown  in  the  accompany- 
ing map  and  section. 

If  the  line  of  section  be  followed  from  S.-E.  to  N.-W.  it  will  be  seen  to 

RockB  seen  along  the      *^^«™«  *  ^^^^^^  ^^  ^^^  ^TPi^al  granite  gneiss,  extending 

line  of  section.  from  Jallarpett  Junction  (Madras  Railway,  South- West 

Eastern  granite-gneiss      Line  and  Bangalore  Branch)  for  a   distance  of  some  30 

miles.  This  granite-gneiss  tract  forms  the  eastern  edge 
of  the  great  Mysore  plateau  which  is  here  a  wild,  rugged,  picturesque  jungle 
region. 

To  the  west  the  pection  crosses  at  its  narrowest  part  the  band  of  schistose 

rocks  in  which  lies  a  littJe  to  the  north  of  the  railway  the 

toJ^baTid^^'^'^^^*^  '''^'^"      ^^^  well-known  Kolar  gold-field,  at  present  a  scene  of 

energetic  mining  work  on  the  lands  taken  up  by  a 
number  of  large  mining  companies.     This  schistose  band,  which  will  be  most 

*  See  Preliminary  note  on  the  gold-fields  of  South-east  Wynaad,  A'c.,  by  Willinm  King,  B.A., 
Deputy  Superintendent,  Qeulogiail  Survey  of  India.   Ifecords,  Qeol.  Surv.  of  India,  VoL  Vli,  p.  26. 
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appropriately  called  the  Kolar  scliistoBe  band,  forms  an  important  synclinal 
trongh  resting  on  the  adjacent  granite-gneiss  rocks.  It  is  the  only  one  of  the 
great  schistose  bands  whose  relations  to  the  associated  bands  of  granitoid  rocks 
have  (as  yet)  been  distinctly  traced.  A  fuller  account  of  this  band  with  especial 
reference  to  its  aariferoas  character  will  be  given  further  on. 

On  crossing  this  Kolar  gold-field  band,  the  section  trends  northerly  as  far  as 

the  Kolar  road  railway  station  when  it  bends  sharp  round 
irneiMbSnd^  groi^ito-  ^  j^^  Yf^^t  and  continues  in  that  direction  as  far  bb  Ban- 

galore. The  very  broad  band  of  granitoid  gneiss,  which 
extends  between  the  Kolar  gold-field  schistose  band  to  the  second  great 
schistose  band  (the  Dambal — Chiknayakanhalli  band),  forms  in  its  eastern  part 
an  open  undulating  plain  from  which  rise  a  few  important  rocky  hills,  as  the 
Tyakal  (TiacuU  of  sheet  78),  Balery  and  Vakelair  hills  north  of  the  railway. 
A  number  of  small  low  table-topped  hills  are  also  to  be  seen  at  small  dis- 
tances from  the  railway,  as  the  Bettarayan  Betta  (Baterine  hill  of  sheet  76), 
3i  miles  north-east  of  Kolar  Road  railway  station,  the  Patendur  hill,  2  miles 
south-west- by-south  of  the  Kargudi  (Curgoory)  railway  station,  and  the  low 
hillock  crowned  by  a  mantapam  about  a  mile  north  of  the  Maharajah's  new 
palace  at  Bangalore.  These  three  hillocks  are  capped  with  beds  of  true  sedi- 
mentary laterite  underlaid  by  lithomargic  clays.  Of  precisely  the  same  aspect, 
both  in  form  and  colour,  are  the  Shiva  Samudra,  Jinnag^  and  Chicka  Tagaly 
hills  which  lie  a  few  miles  north  of  the  railway  near  the  Kargudi  and  Mallur 
stations.  Identical  in  form  and  appearance  also  is  a  much  more  extensive  develop- 
ment of  table-topped  plateaus  which  are  well  seen  from  Bettarayan  hill  lying 
several  miles  to  the  north  and  covering  a  considerable  area.  The  laterite  at  the 
north-eastern  end  of  the  Patendur  hill  is  distinctly  conglomeratic  and  contains 
a  tolerable  number  of  well-rolled  quartz  pebbles.  The  red  colour  of  the  sides  of 
these  hills  and  plateaus  added  to  their  sharp  cut  tabular  shape,  makes  them  con- 
spicuous from  considerable  distances.  No  organic  remains  were  found  in  connec- 
tion with  these  lateritic  beds,  and  the  number  of  sections  examined  was  not 
sufficient  to  enable  me  to  form  any  positive  opinion  as  to  their  origin,  and  still 
less  so  as  to  their  geological  age, — ^but  there  can  be  no  doubt  that  they  are  the 
scattered  outlying  remains  of  a  formerly  far  more  extensive  formation. 

To  the  north-west  of  Bangalore  the  undulation  of  the  country  increases 
considerably  and  the  streams  run  in  much  deeper  channels  afiEording  more 
numerous  sections  both  of  the  surface  soil  and  sub-rock.  The  surface  of  the 
country  is  generally  covered  with  a  thick  layer  of  red  soil  which  often  contains 
a  large  percentage  of  pisolitic  iron  (haematite)  in  segregational  form. 

Thirty- two  miles  north-west  of  Bangalore  the  section  cuts  across  the  line  of 
hills  running  north  and  south  from  the  Cauvery  river,  a  little  east  of  the  great 
falls,  up  to  Nidugal  on  the  frontier  of  the  Bellary  district.  This  line  of  hills 
culminates  close  to  the  section  in  the  fine  peak  of  Sivaganga  which  attains  the 

^  The  expresflion  line  of  hills  is  nsed  in  preference  ia  the  term  chain  M  there  is  little  oontinnitj 
of  high  ground,  the  hills  heing  mostly  quite  detached  and  separated  in  some  parts  by  considerabU 
spaces. 
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height  of  4,559  feet  above  sea-level.  Like  many  other  groups  of  granitoid  gneiag 
hills  in  the  south,  these  hills  are  very  rocky  and  bare  and  look  as  if  they  had  never 
been  covered  with  a  real  forest  growth. 

The  section  maintains  its  north-westerly  course  up  to  Tumknr,  beyond  which 

town  it  turns  suddenly  westward  and,  after  a  course  of 

h^Twwitow  b^i*^*^       ^^  ™^^®^  ^^  ^^'^^  remarkably  few  outcrops  of  rock  are 

seen,  meets  the  second  great  band  of  schistose  rocks  in 
the  line  of  hills  rising  between  Hagalvadi  and  Chiknayakanhalli.     This  second 
gieat  band  of  schists  is,  as  will  be   seen  by   a  glance  at  the  accompanying 
map,  the  southerly  continuation  of  the  Dambal — Chiknayakanhalli  schist   band 
na   defined   above    (page   191).     The   width   of    this    extremely    well   marked 
schistose   band   which   the   section   crosses   at  right   angles  is  18  miles.     The 
character  of  the   sceneiy   is   markedly   different;   smooth   grass   grown   hiUs, 
generally   well  rounded,   with   very'  few  conspicuous   exposures   of    rock,  take 
the  place  of  the  bold  rocky  bare  hill  masses  seen  east  of  Tumkur.     The  rocks 
consist  of   hornblondic,  chloritic  and  hadmatitic  schists  cropping  out  at  very 
high  angles  or  in  vertical  beds.     Several   large  quartz  reefs  occur  traversiDg 
these  schists,   and  one  large  one  crosses  the  road  some  distance  west  of  Dodygan 
halli.     Time  did  not  allow  of  my  doing  any  prospecting  here,  but  several  pros- 
pectors have  stated  that  their  researches  were  rewarded  by  the  discovery  of  gold 
in  appreciable  quantity  both  in  the  quartz  and  by  washing  the  local  soils.     The 
extension  southward  of  this  schist  band  may  be  traced  by  the  eye  for  many  miles 
owing  to  the  very  characteristic  features  of  the  low  line  of  heights  which  extends 
south  in  the  direction  of  Seringapatam.     That  they  extend  still  further  south 
and  then  trend  south-westward  into  the  south-eastern  part  of  the  Wyniad  may 
be  assumed  as  a  fact  on  the  strength  of  the  information  kindly  furnished  by 
Mr.  Lavelle,  the  pioneer  gold  prospector — (See  ante,  page  192).     The  contact  of 
the  schists  and  granitoid  gneiss  is  unfortunately  concealed  by  superficial  deposits 
at  the  places  where  tho  section  cuts  across  their  respective  boundaries,  but  ^e 
impression  left  in  my  mind  by  the  general  appearance  of  the  localities  was  that 
the  schists  were  overlying  the  granitoid  beds,  and  the  same  relation  appeared  to 
me  to  exist  in  the  Dambal  gold-field,  as  far  as  its  western  boundary  is  concerned. 
The  eastern  boundary  of  the  schist  band  was  not  traced  near  Dambal  and  Gadag 
(Gudduck),  but  further  north  it  is  completely  hidden  by  the   tremendous  spread 
of  cotton  soil  there  prevailing.     Passing  on  a  little  to  the  south  of  west  &om  the 
schistose  band  the  section  runs  across  a  granitoid  gneiss  region,  and  after  passing 
Tripatur  crosses  the  watershed  between  the  Cauvery  and  Krishna  hydrological 
basins,  the  section  trending  more  and  more  north-westerly  along  a  rapid  descent, 
7t  leaves  the  high,  picturesque,  granitoid  hill  masses   of   Hirekal   Gudda  and 
Grardangiri  to  the  right  and  beyond  Banavar  skirts  the  eastern  boundary  of  the 
third  or  Dharwar — Shimoga  schist    band  for  several  miles,  but  does  not  actually 
leave  the  granitoid  rocks  till  it  has  passed  Kadur  by  some  six  miles.     The  rocks  of 
this  granitoid  band,  which  may  for  convenience  be  called  the  Mulgund-Kadnr 
band,  offer  no  speciality  calling  for  remark.    Like  the  hilly  region  running  east  of 
Tnmkur,  the  hills  may  preferably  be  described  as  forming  a  line  rather  than  a 
chain  for  they  occur  in  numerous  detached  masses. 
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As  just  mentioned,  the  section  gets  on  to  the  third  schistose  band  six  miles  to 

the  north-west  of  Kadnr,  and  here  the  schists  are  mostly 
Dharwap— Shimoga         chloritic,  of  pale  colour  with   intercalated  more    highly 

siliceous  bands,  ranging  from  chloritic  gneiss  to  quartzite. 
To  the  south  of  the  road  the  quartzites  increase  much  in  development  and  rise  into 
a  high  ridge  with  a  great  cliffy  scarp  on  the  eastern  face  of  Coancancul  peak. 
Further  west,  to  the  south  of  the  high  road,  rises  a  considerable  hill  of  very 
rugged  nature,  which,  when  seen  from  a  distance,  presents  great  resemblance 
to  a  typical  granitoid  gneiss  hill.  On  closer  approach  the  rock  is  seen  to  have  a 
very  coarsely  mottled  structure  which  turns  out  to  be  due  to  the  presence  of 

enormous  numbers  of  well-rounded  pebbles  of  a  granite  or 
of  ^W""^^"""'**^'     compact  granite  gneiss.    The   size  of  the  included  stones 

ranges  in  the   part    I     examined    from    small    pebl4fc 
to  small  boulders,    all  enclosed  in   a  greenish-grey  foliated  chloritic    matrix. 
The  thickness  of  the  conglomerate  here  exposed  must  be  very  great,  as  proved 
by  the  size  of  the  hill  which  goes  by  the  name  of  the  Kal  Drug  (Cull  Droog). 
To  the  north,  the  beds  are  soon  lost  sight  of  under  the  local  alluvium  of  the 
Kushi  (Cooshy)  river  and  they  are  not  seen  to  re-appear  conspicuously  in  the 
hilly  country  on  the  north  side  of  the  valley.     To  the  west  of  the  great  conglom- 
erate beds  follow  more  schistose  beds,   and,  as  seen   on  the  hill  slopes  south  of 
the  road,  a  great  series  of  quartzites.     Near  Tairakerra,  and  to  the  north-west 
of  it,  very  few  exposures  of  rock  are  met  with  as  far  as  Bankipoor,  but  the  few 
that   do  show   through   the  thick  woods  which  here  cover  everything,  prove 
the  country,  to  be  formed  of  schistose  members  of  the  Gneissic  Series.     About 
four  miles  north-west  of  Tairakerra  the  road  crosses  a  very  small  outcrop  of 
typical    hesmatite  schist,   striking  in  a  northerly   direction.      A  good  deal   of 
rock  shows  in  the  bed  of  the  Bhadra  river  at  and  above  Bankipoor,  but  the  forms 
seen  are  not  very  characteristic,  and  at  the  time  of  my  passing  everything  was 
obscured  by  a  thick  layer  of  slimy  mud  left  by  a  high  fresh  in   the  river.     This 
part  of  the  section  would  be  very  unsatisfactory  were  it  not  that  the  schistose 
character  of  the  beds  forming  the  line  of  hills  extending  northward  parallel  with 
the  valley  of  the  Bhadra  shows  quite  clearly  the  extension  of  the  rocks    seen 
south-east  and  east  of  Tairakerra.      Between  Bankipoor  and  Shimoga  very  little 
rock  of  any  sort  is  seen,  but  about  half  way  across  the  Doab,  between  the  Tunga 
and  Bhadra  rivers,  a  band  of  fine-grained  grey  granite  gneiss  is  crossed,  while  to 
the  east  and  south  of  Shimoga. town  are  several  conspicuous  large  masses  of  a 
chloritic  variety  of  granite  gneiss.     The  exact  relation  of  these  granitoid  out- 
crops to  the  gpreat  schist  series  further  east  I  had  not  the  opportuniiy   of  deter- 
mining, and  am  not  quite  certain  whether  they  represent  the  eastern  border  of 
another  great  g^nitoid  band,  or  whether  they  are  part  only  of  an  unimportant 
local  band  of  granitoid  rock.     I  am  inclined  to   think   the  latter  will  be  found 
the  real  condition  of  things  when  the  country  comes  to  be  fully  surveyed.     The 
short  space  of  time  at  my  command   prevented  my  making   a  detour  to  settle 
this  point.    Here,  too,  the  extent  and  thickness  of  the  jungle  growth  greatly  hide 
the  general  surface   of  the  country  along  the  road,   while  the  rainy   or  misty 
character  of  the  weather  tended  much  to  obscure  the  appearance  of  hills   at  but 
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very   moderate  distances.     Though  the  exigencies  of  dftk  travelling  compelled  me 
to  make  the  detour  to  Shimoga  instead  of  following  the  lino    of   schistose  heds 
northward   from  Bankipoor,    I  am  perfectly  satisfied   as  to   the  fact    of  these 
schists  continuing  northward,  and  joining  those  which   cross  the  united  rivers 
forming  the   Tungabhadra,  a  few  miles  below  the  junction  of  the  Tunga  and 
Bhadra.     The   country  here  is  much  freer  from  jungle,  and  many  ridges  of  rock 
consisting  of  quartzites  and  chlorite  schists  with  rocks  of  intermediate  character 
can  be  traced  for  miles.     This  part  of  the  section  extends  from  the  bank  of  the 
river  for  rather  more  than  20  miles, — from  the  travellers'  bungalow  at  HoUalur 
north-westward  to  the   ToancuU-betta   Trigonometrical  station,   six  miles  east 
by  south  of  Shikarpur.     Along  the  twelve  miles  of  road  between   Shimoga  and 
HoUalur  but  little  is  seen  of  the  older  rocks,  the  road  lying  close  to  the  left 
Mnk  of  the   Tunga  and  Tungabhadra,  and  passing  almost  entirely  over  the 
river  alluvium  which  at  and  to  the  north-east  of  the  Hollalur  bungalow  forms  a 
coarse  bed  of  rounded  shingles,  rising  a  considerable  height  above  the  present 
high  flood  level  of  the  united  rivers. 

The  most  striking  features  both  orographically  and  geologically  of  this  part 
of  the  Mysore  country  are  the  quartzite  outcrops,  which  are  numerous,  but  of 
which  only  the  principal  ones  require  notice.  Of  these  the  best  marked,  longest 
and  highest  culminates  in  the  Elalva  Eanganbetta,  a  fine  hill  rising  some  1,200 ' 
above  the  plain,  and  3,388'  above  sea-level  16  miles  to  the  north  of  Shimoga. 
The  outcrop  of  the  great  quartzite  beds  forming  this  ridge  has  a  distinct  dip  of 
some  60°-65°  (on  the  average)  to  the  north-east.  The  quartzites  are  under- 
laid by  a  schistose  (chloritic)  series,  the  south-westward  extension  of  which  was 
not  ascertained.  Overlying  the  quartzites  which  are  generally  flaggy  in  character 
(but  which  here  and  there  become  so  highly  charged  with  scales  of  pale  green 
chlorite    as   almost  to  lose  their  quartzitic   character,   and  pass  into  chloritic 

gneiss)  are  local  beds  of  true  conglomerate, — the  first  I 

of  K^^a  R^^'Xtt^      ^*^®  °^®*  ^^^  ®^  ^®*'^  ^^  ^  *^®  gneissic  rock  of  the 

Peninsula.  The  conglomerate  has  evidently  undereone 
considerable  metamorphosis,  but  its  real  character  and  truly  clastic  origin 
cannot  be  doubted  when  carefully  examined.  Many  of  the  included  pebbles 
appear  to  have  been  fractured  by  the  great  pressure  undergone,  but  their  truly 
rounded  character  is  quite  distinct  and  unmistakable.  The  beds  seen  by  me  and 
traced  for  several  hundred  yards,  are  exposed  a  little  way  up  the  slope  of  Kalva 
Ranganbetta  peak,  and  a  little  to  the  north-west  of  a  small,  but  rather  conspicu- 
ous,  pagoda,  which  stands  in  a  little  recess.  The  included  pebbles  in  the  con- 
glomerate consist  chiefly  of  quartz,  a  few  of  gneiss,  and  some  of  what  appeared 
an  older  quartzite.  A  second  intended  visit  and  closer  examination  of  this  very 
irteresting  bed  was  prevented  much  to  my  sorrow  by  bad  weather.  The  second 
in  importance  of  the  quartzite  ridges  has  its  eastern  extremity  in  the  bed  and  left 
bank  of  the  first  west  to  east  reach  of  the  Tungabhadra  below  the  Kudali 
(Goodly  of  sheet  42)  Sangam,  or  junction.  West  of  the  new  high  road  from 
Shimoga  to  Honnali  (Honhully)  the  quartzite  beds  rise  into  the  Phillur  Gudda 
(hill),  and  beyond  that  rise  again  into  a  considerable  hill  some  400' to  500'  high 
and  may  bo   followed  easily  for  several  miles  to  the  north-west.     The  quartz* 
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itic  character  is  then  in  great  measure  or  entirely  lost  by  the  rook  becoming 
highly  chloritic  and  the  beds  can  no  longer  be  safely  distinguished  from  the  sur- 
rounding mass  of  chloritic  schist.  In  the  north-westerly  part  of  this  Phillur 
Gudda  ridge  several  pebbly  beds  were  observed  intercalated  between  the  more 

or  less  chloritic  quartzite.  They  differed  from  the  Kalva 
lur^G^dTrid  *^  ""^  ^^"      I^anganbetta  beds  in  being  less  coarse  and  having  a  more 

chloritic  matrix,  but  had  undergone  about  an  equal 
amount  of  metamorphosis.  A  considerable  number  of  quartzite  ridges  are  inter- 
calated between  Phillur  Gudda  ridge,  and  the  'southern  end  of  the  Kalva  Ban- 
ganbetta  ridge,  which  terminates  in  the  Nelli  Gudda  Trigonometrical  station  hill, 
7  miles  west-north-west  of  the  Kudali  Sangam.  To  these  ridges  may  be  ascribed 
the  existence  of  the  group  of  hills  they  occur  in,  as  but  for  their  greater  durabi- 
lity and  resisting  power  to  weather  action,  they  would  certainly  have  been 
worn  down  to  the  low  level  of  the  purely  chloritic  part  of  the  schistose  band, 
both  to  the  north-west  and  south-east.  Unless  there  has  been  an  inversion  of  the 
strata  on  a  rather  large  scale,  or  faults  exist  which  were  not  obvious  during  the 
rapid  survey,  the  Kalva  Banganbetta  quartzites  underlie  all  the  beds  to  the 
northward  of  it.  Another  series  of  overlying  quartzites  is  shown  to  the  north- 
north-west  of  Kalva  Banganbetta;  but  the  relation  between  it  and  the  upper 
beds  just  described  could  not  be  determined  without  a  much  more  close  exami- 
nation of  the  district,  more  especially  as  the  space  between  the  two  sets  of 
outcrops  is  very  largely  and  closely  covered  by  spreads  of  regur.  The  chloritic 
schists  offer  no  specially  interesting  features,  and  they  are  not,  as  a  rule,  well  seen, 
except  on  the  slopes  of  the  hills,  the  general  face  of  the  country  being  much 
obscured  by  red  or  black  soil,  which  both  of  them  occur  in  great  thickness. 
One  remaining  point  of  great  interest  is  the  large  number  of  important  quartz 

veins,  or  reefs,  which  traverse  the  belt  of  chloritic  rocks 

overlying  the  Kalva  Banganbetta  quartzites.  They  are 
the  source  of  the  gold  occurring  in  the  thick  red  soil  which  covers  the  whole  face 
of  the  low-lying  country,  and  which  has  been  washed  for  gold,  certainly  for 
several  generations  past,  by  several  families  of  ^^Jalgars"  residing  at  Palavan- 
halli.  The  gold  is  so  generally  distributed  through  the  red  soil  that  it  is  clear 
that  many  of  the  reefs  must  be  auriferous,  and  the  quantity  found  is  sufl5.cient  to 
justify  strong  hopes  that  a  profitable  mining  industry  may  be  developed  by  work- 
ing the  richer  reefs.  Several  of  the  series  of  reefs  close  to  Devi  Kop,  a  little 
village  3|  miles  east-south-east  of  the  Kalva  Banganbetta,  had  been  carefully 
and  deeply  prospected  at  the  time  of  my  visit  by  Mr.  Henry  Prideaux,  M.  £., 
and  in  one  case  certainly  with  very  marked  success.  The  quartz  in  this  case 
was  found  very  rich  in  gold,  which  was  visible  in  grains  and  scales  scattered 
pretty  freely  through  the  mass.  The  quartz  in  many  parts  had  a  quasi- 
brecciated  structure  with  films  and  plates  of  blue-green  chlorite  occurring  along 
cracks  in  the  mass.  Near  the  surface  the  chlorite,  with  which  were  asso- 
ciated small  inclusions  of  pyrites,  had  often  weathered  into  a  rusty  brown  mass. 
The  reef  which  at  the  time  of  my  visit  was  regarded  as  the  most  promising,  and 
Uj  which  the  name  of  "Tumbull's  reef"  had  been  given,  is  one  of  a  series  of 
tltrce  that  can  be  traced  with  somr.^  breaks  for  a  distance  of  six  miles  nearly 
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parallel  ''with  the  great  qnartzite  ridge  of  the  Kalva  Banganbetta,  the  true 
strike  of  the  reef  being  from  N.  40°  W.  to  S.  40°  E.  Another  important  set  of 
three  reefs  having  the  same  strike  occurs  aboat  half  a  mile  north  of  the  fiist 
series,  but  they  are  not  visible  for  such  a  long  distance,  their  north-western 
course  being  covered  by  the  thick  spread  of  cotton  soil.  To  the  south-east  they, 
or  at  least  one  of  them,  can  be  ti*aced  across  the  Nyamti  nullah,  which  divides 
the  gold-field  in  two.  Out-crops  of  vein-quartz  in  a  line  with  a  south-easterly 
extension  of  this  set  of  reefs  are  to  be  seen  north  and  east  of  Palavanhalli 
(Pulluan  huUy  of  sheet  42).  Numerous  other  quarts  reefs  having  the  same 
strike  occur  in  the  south-eastern  half  of  the  gold-field,  e,g,j  a  set  of  four,  rather 
more  than  a  mile  north-east  of  Palavanhalli,  and  several  others  to  the  north  of 
Dasarhalli  and  south  of  Kunthua.  A  few  reefs  were  also  noticed  whose  strike 
was  different  from  those  above  referred  to.  They  represent  two  other  systems  of 
fissures,  the  one  running  N.  5°  E.  to  S.  6°  W.;  the  other,  W.  5*  N.  to*  E.  5°  S. 
Several  of  both  these  series  are  of  very  promising  appearance,  the  "back  of 
the  lode'*  bearing  considerable  resemblance  to  that  of  '^Turnbull's  reef."  The 
greater  number  of  the  reefs  in  the  Honuaii  gold-field  are  well-marked  examples 
of  these  fissure  veins.  The  richness  of  the  **Turnbuli  ''  and  other  adjacent  reefs 
will  ere  long  be  fairly  proved,  as  Messrs.  Wilson  &  Co.,  of  Madras,  have,  in 
company  with  other  capitalists  in  England,  formed  an  association  to  open  up 
mines  on  the  lands  they  have  taken  up  from  the  Mysore  Qovernment.  Their 
prospects  of  success  are  certainly  greater  than  those  of  sundry  other  companies 
whose  shares  are  or  were  till  lately  favourably  quoted. 

The  Honnali  gold-field  appears  to  have  been  known  a  long  time  to  the  natives, 
but  only  came  under  European  notice  through  Colonel  R.  Cole,  late  of  the  Mysore 
Commission,  who  not  very  long  since  received  several  small  nuggets  from  a  native 
local  official,  with  the  assurance  that  they  came  from  that  part  of  the  country.  The 
occurrence  of  gold  both  in  the  soil  and  reef  has  since  been  amply  established  by 
the  researches  of  Messrs.  Bill  and  TurnbuU,  of  Wilson  A  Co.,  and  of  Mr.  Mervyn 
Smith,  but  speciaHy^  by  the  thorough-going  system  of  deep  prospecting  followed 
by  Mr.  Henry  Prideaux,  the  Mining  Engineer  employed  by  Messrs.  Wilson  A  Co, 
Mr.  Prideaux's  large  experience  in  Californian  and  Nevada  mines  had  fuUy 
convinced  him  of  the  absolute  necessity  of  deep  prospecting,  in  other  words,  of 
preliminary  mining,  to  get  below  the  weathered  backs  of  the  lodes,  before  attempt, 
ing  to  pronounce  an  opinion  as  to  the  real  value  of  prospects.  I  am  indebted 
to  him  for  much  courtesy  during  my  stay  at  the  Honnali  gold-field  and  for  much 
valuable  practical  information,  most  willingly  and  pleasantly  imparted. 

During  my  stay  at  Devi  Kop,  I  watched  the  results  of  many  washings  both  of 
crushed  quartz  and  of  the  red  soil  taken  from  many  localities  and  various  levels. 
The  great  majority  were  highly  satisfactory.  The  Jalgars,  or  local  gold- 
washers,  seem  to  be  a  fairly  prosperous  set  of  men,  so  their  earnings  must  bo  fairly 
remunerative.  They  confine  their  attention,  as  far  as  I  could  ascertain,  pretty 
generally  to  the  high  lying  red  soil  banks,  between  Devi  Kop  and  the  Nyamti 
nullah.  The  head  Jalgar,  a  very  intelligent  old  man  and  dexterous  gold, 
washer,  informed  rae  that  the  best  day's  work  he  had  ever  done  was  the  finding 
of  a   small   pocket    in   the   gneiss   which   contained   about   Rs.  80   of  gold  in 
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small  grains  and  scales.  I  gathered  from  bim  that  he  had  not  found  anything 
beyond  the  size  of  a  "pepite."  The  position  of  these  anriferous  banks  near 
Devi  Kop  wonld  admit  of  hydraulic  mining  over  a  considerable  acrea  by  a  system 
of  dams  and  channels  to  bring  water  from  the  Nyamti  (Namtee  of  sheet  42)  nul- 
lah, but  the  question  of  the  profitableness  of  such  an  undertaking  could  only 
be  decided  by  an  expert  after  careful  examination  and  more  numerous  trials  by 
washing. 

The  schistose  band,  which  bears  within  its  limits  the  "  Kolar  gold-field,'' 

forms  an  elongated  synclinal  fold  which  in  parts  rises 
gokuSld.''''  ^^  ^""^  somewhat  over  the  general  level  of  the  surrounding  grani- 
toid country.  The  dip  of  the  rocks  forming  the  base- 
ment of  the  schistose  band,  and  therefore  the  boundaries  of  the  synclinal  fold, 
is  easily  traced  on  both  sides ;  not  so,  however,  is  the  dip  of  the  uppermost 
members  of  the  group,  for  all  the  beds  exposed  in  the  centre  of  the  band  have 
been  much  altered  by  great  pressure  which  has  superinduced  an  irregular 
slaty  cleavage  to  a  great  extent.  This,  combined  with  extensive  minute 
jointing,  has  so  greatly  altered  the  original  texture  of  the  rocks  that  they  have 
assumed  to  a  very  great  extent  a  highly  trappoid  appearance.  The  lines  of 
bedding  are  completely  obliterated,  and  it  was  impossible  to  decide  from  the  sections 
I  saw  whether  the  central  axis  of  the  synclinal  represents  one  great  acute  fold,  or  a 
series  of  minor  ones  in  small  Vandykes.  The  g^at  petrological  similarity  of  the 
strata  forming  the  upper  (central)  part  of  the  synclinal  makes  the  decipherment 
of  this  difficulty  all  the  greater.  The  sections  I  saw  in  the  several  shafts  being 
sunk  at  the  time  of  my  visit  threw  no  light  on  the  subject ;  it  is  possible,  how- 
ever, that  a  closer  study  of  these  sections  would  go  far  to  enable  this  point  to  be 
decided. 

The  succession  of  formations  seen  from  west  to  east,  after  leaving  General 
Beresford*s  bungalow  at  Ajipdlli  on  the  road  from  Kolar  Road  railway  station 
to  the  gold-field,  is  micaceous  gneiss  (resting  on  the  granitoid  gneiss),  chloritio 
gneiss,  micaceous  schist,  hasmatitic  quartzite,  and  chloritio  schist,  on  which  rests 
a  great  thickness  of  hornblendic   schists,  which,  as  just  mentioned,  are  highly 
altered,  and  have  their  planes  of  bedding  almost  entirely  effaced  by  the  pressure 
and  crumpling  they  have    undergone.      The  eastern    side  of   the  fold    shows 
near  the  village  of  IJrigam  ( Woorigum,  sheet  78)   well    bedded  schists  -  dip- 
ping west  from  50'  to   60**  and  resting  finally  on  the  granitoid  rocks.     The 
western  side  of  the  gold-field  is  very  dearly  demarcated  by  a  well  marked  ridge 
of  hsBmatitic  quartzite  which  culminates  in  the  Walagamada  Trigonometrical 
Station  hill,  from  the  top  of  which  the  majority  of  the  mines  can  be  seen.     The 
bedding  is  often  vertical  and  highly  contorted  in  places.     The  texture  varies  from 
highly  jaspideous  quartzite  to  a  schisty  sandstone.     The  hard  jaspideous  variety 
generally  shows   distinct  laminae   of  brown  haamatite,  alternating  with  purely 
Biliceous  laminsB   generally  of  white  or  whitish  drab  colour.     It  is  only  here 
and  there,  and  over  very  trifiing  areas,  that  the  ferruginous  element  ever  assumes 
the  character  of    red  hsematite.    The   beauty  of  the    '*  Vandykes "  and   com- 
plicated crumpling  and  brecciations  of  this   rock  in  the    Walagamada   Konda 
is  very   remarkable.     The    thickness  of  the    hasmatitio   band   is  very  oonsi- 
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derable  and  it  forms  the  most  striking  feature  of  the  western  side  of  the 
gold-field.  On  the  eastern  side  of  the  gold-field  the  heamatite  qoartzite  is 
mnch  less  well  developed  and  exposed,  excepting  in  the  south-eastern  part 
of  the  gold-field  where  it  occurs  in  thick  beds  forming  the  main  mass  of  the  Terra 
Konda  Trig.  Station  Hill.  Here  the  dip  is  about  60^  westerly,  and  affords 
one  of  the  clearest  proofs  of  the  synclinal  character  of  the  schist  band.  To  the 
southward  the  haematitic  beds  appear  to  coalesce  the  synclinal  being  pinched 
together,  but  I  had  no  opportunity  of  following  up  the  eastern  boundary  of  the 
schistose  band.  The  western  boundary  is  a  very  conspicuous  feature,  a  bold  rocky 
ridge  running  up  into  the  lofty  Malapan  Betta  peak,  the  highest  summit  in  this 
part  of  the  country.  South  of  Malapan  Betta  the  haematitic  beds  appear  to  lose 
their  importanoe  and  no  longer  form  the  most  striking  feature  of  the  schistose 
band,  and  micaceous  and  chloritic  beds  abound.  Owing  to  the  great  extent  of 
jungle  and  the  rugged  character  of  the  country  their  general  relations  were  not  to 
be  made  out  completely  in  the  short  time  at  my  disposal.  The  beds  run  south 
into  the  Salem  district,  and  probably  occupy  the  valley  lying  east  and  north- 
east of  Kistnagiri  and,  not  improbably,  extend  on  towards  and  past  Darampuri. 
A  subsidiary  ridge  of  lower  elevation,  which  branches  off  from  the  western 
side  of  Malapan  Betta  westward  and  then  trends  south-west  and  finaUy 
south-south-west,  also  consists  of  schistose  beds  of  similar  character,  amongst 
which  a  hssmatitic  quartzite  is  the  most  conspicuous.  The  relation  of  these 
latter  beds  to  the  Kolar  gold-field  synclinal  fold  is  quite  problematical,  bu* 
it  is  very  probable  that  several  important  faults  have  caused  great  dislocation 
of  the  strata  first  along  the  boundaries  of  the  main  synclinal  fold.  The 
stratigraphy  of  the  several  spurs  radiating  from  Malapan  Konda  is  very  com- 
plicated and  interesting  and  well  worthy  of  careful  examination. 

The  auriferous  quartz  reefs  which  have  attracted  so  much  attention  lie  in  the 
broader  part  of  the  synclinal  fold  north  of  the  railway.  None  of  any  importance 
were  seen  by  me  in  the  tract  south  of  Malapan  Betta.  The  intermediate  tract 
I  had  no  opportunity  of  examining  closely,  but  I  did  not  hear  of  the  existence 
there  of  any  of  interest  or  importance.  The  reefs  make  very  little  show  on  the 
surface  as  a  rule ;  in  many  cases,  indeed,  the  whole  back  of  the  reef,  or  lodes,  has 
been  removed  during  the  mining  operations  of  the  old  native  miners,  whose  work- 
ings were  on  a  rather  large  scale  considering  the  means  they  had  at  command. 
Much  also  of  the  surface  is  masked  by  scrub  jungle  or  by  a  thick  coating  of  soil, 
often  a  local  black  humus.  The  reefs  are  so  very  inconspicuous  that  I  have  not 
attempted  to  show  them  on  the  map.  Their  run  is  north  and  south  with  a  few 
degrees  variation  either  east  or  west.  The  hade  of  the  reefs  is  w  esterly  in  most 
cases,  as  far  as  they  have  been  tested  by  the  shafts  sunk.  The  angle  they  make 
with  the  horizon  is  a  very  high  one,  on  the  average  not  less  than  from  86**  to  or. 
Much  has  been  said  aboat  the  reefs  in  the  Kolar  not  being  true  fissure  veins, 
but  I  was  unable  to  find  any  good  reason  for  promulgating  this  view,  and  several 
mining  engineers  of  high  standing  and  great  experience,  as  Messrs.  Bell  Daries, 
Baynor  St.  Stephen,  and  other  practical  miners  well  acquainted  with  the  locality, 
have  no  hesitation  about  calling  them  "  fissure  veins  '*  or  "  lodes."  The  quartz 
composing  the  reefs    is   a    bluish    or  greyish-black   diaphanous    or  semi-dia- 
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phanoTLS  rock,  and  remarkably  free  from  sulphides  (pyrites,  galena,  A^c.)  of  any 
kind.  Tlie  gold  found  is  very  pure  and  of  good  color.  Several  washings  of 
crushed  vein  stuff  -were  made  in  my  presence  at  the  Urigam  and  Kolar  mines 
with  really  satisfactory  results,  the  quantify  of  gold  obtained  being  very  appreci- 
able.    The  samples  operated  on  were  not  picked  ones. 

The  principal  new  mines  now  in  progress  form  a  line  stretching  from  south  to 

Poeition  of  the  mines.      '^''^'^  ^"^  *^®  ^*®™  ^'^®  ^^  ^"^  imaginary  axis  drawn 

along  the  centre  of  the  synclinal  fold,  and  this  line  coin- 
cides with  that  followed  by  the  "old  men,"  many  of  whose  abandoned  workings 
are  being  extended  to  greater '  depth  than  they  had  the  power  of  attaining  to 
without  steam  pumping  machinery.  The  principal  mines  opened  along  this  line 
of  country  are  the  Madras,  Mysore  reefis.  Great  Southern  of  Mysore,  Kolar, 
Mysore,  Uregam  (Woorigun),  Nandidrug  and  Balaghat  mines,  belonging  to  the 
several  companies  bearing  those  names.  On  the  west  side  of  the  axis  only  one 
company,  the  Kaisar-i-Hind,  had  started  workings  at  the  time  of  my  visit.  The 
five  most  northerly  mines  of  the  eastern  group  appeared  to  be  working  on  exten- 
sions  of  the  same  set  of  reefs. 

Numerous  large  dykes  of  dioritio  trap  are  met  with  traversing  the  gneissio 
k  ^wsks  of  this  region.     One  set  of  them  runs  north  and 

^  south  with  a  variation  of  about  5®  east  or  west.     The  other 

runs  nearly  east  and  west.  The  presence  of  these  dykes  will  offer  formidable 
obstacles  to  the  mining  works  in  some  places,  and  it  will  probably  be  found 
that  the  intrusion  of  these  great  igneous  masses  has  added  considerably  to  the 
metamorphism  of  the  schistose  beds  along  the  lines  they  traverse.  As  already 
mentioned  the  schists  are  most  highly  altered  along  the  central  axis  of  the  synclinal 
fold,  and  the  largest  of  the  north  and  south  dykes  shows  a  very  little  to  the 
east  of  the  synclinal  axis. 

The  Kolar  schistose  band  is  the  only  one  as  to  the  exact  stratigraphical  rela- 
BtratigTsphical    rela-     ^on  of  which  to  the  granitoid  gneiss  any  positively  con- 
Hons  of  the  seToral  Bchut      clusivB  evidence  had  been  obtained ;  but  there  is  reason  to 
^'*"^*  believe  that  at  least  three  of  the  schistose  bands  to  the 

westward  of  it,  tn'ir.,  those  of  Sundur,  near  Bellary,  of  Dambal — Ohiknayakan- 
halli,  and  of  Dharwar — Shimoga  are  similarly  superimposed  on  the  granitoid 
rocks.  Whether  the  superposition  is  a  conformable  or  an  unconformable  one,  \&  a 
point  that  has  yet  to  be  determined  by  further  investigation ;  at  the  Kolar  gold-field, 
however,  the  relation  between  the  schistose  synclinal  and  the  underlying  granite 
gneiss  appears  to  be  one  of  distinct  conformity.  The  Hospet  end  of  the  Sundur 
schist  band  certainly  presents  every  appearance  of  being  the  acute  extremity 
of  a  synclinal  basin.  The  south-eastern  extension  of  this  band  is  as  yet  unknown, 
but  there  is  good  reason  to  expect  a  considerable  extension  of  it  to  the  south- 
eastward of  Bellary. 

The  remarkable  length  of  the  Dambal — Chiknayakanhalli  and  Dharwar — Shi- 
moga bands  precludes  the  idea  that  they  can  be  each  a  simple  synclinal  fold,  rather 
may  they  be  expected  to  prove  a  succession  of  synclinals  and  anticlinal  in  echelon, 
vnth  their  contact  boundaries  not  unfrequently  coinciding  with  faults.  The  geo* 
graphical  position  of  these  gpreat  bands  confirms  and  amplifies  the  evidences  to 
the  fact  which  I  specially  pointed  out  in  my  memoir  on  the  East  Coast  from 
latitude  IS"*  N.,  northward  to  Masulipatam — Memoirs,  Geological  Survey  of  India, 
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volume  XYI — that  the  Peniiisula  of  India  had  been  greatly  &ffected  bj  tremendons 
lateral  forces  acting  mainly  from  east  to  west  and  throsting  up  the  g^eissic  rocks 
into  huge  folds  (Z.  c ,  p.  39) .  These  great  foldings  have  undei^one  extensive 
denudation,  and  the  softer  schistose  beds  especially  have  been  entirely  removed 
from  large  tracts  of  country  which  they  must  have  formerly  covered,  if  any  of  the 
bands  now  remaining  really  represent  (as  they  in  all  probability  do)  portions  of 
once  continuous  formations. 

The  schistose  bands  having  only  been  mapped  at  different  points  their  general 
width,  as  shown  on  the  annexed  sketch  map,  is  only  hypothetical,  and  it  is  very 
possible  that  at  intermediate  points  they  may  either  spread  out  or  narrow  consider- 
ably. Their  relation  to  the  schistose  g^eissics  of  the  Gamatic  Proper  has  yet  to 
be  made  clear,  and  it  is  not  at  all  unlikely  that  a  third  sub-division  will  have  to  be 
recognized  in  the  crystalline  rocks  of  South  India— «  sub-division  which  wiU  in- 
clude the  rocks  of  a  character  intermediate  between  the  typically  schistose  rocks 
and  the  typically  granitoid  rocks  of  Mysore  and  the  South  Mahratta  coontty, 
namely,  the  massive  g^eissics  of  the  Gamatic  in  which  the  ferruginous  beds  are 
magnetic,  not  hsematitic. 


Record  of  borings  for  coal  ai  BeddadAnol,  Qoddoari  district^  in  1874^  by  WiLLim 
Kino,  D.Sc,  Deputy  Superintendent  (^Madras),  Qeological  Surveyt,  India. 
(  With  a  plan.) 

The  outcrop  of  Bardkar  (coal-measure)  rocks  in  the  neighbourhood  of  the 
small  village  of  Beddaddnol  is  about  five  square  miles  in  extent,  situated  on  the 
head-waters  of  a  large  feeder  of  the  Yerra-Kalwa,  some  38  miles  west-north-west  of 
Bajamandri,  and  about  four  miles  from  the  boundary  of  the  Nizam's  dominions 
near  Ashraopet.  The  nearest  large  village,  Qunnapawarum,  lies  a  mile  and  a  half 
to  the  south.  It  is  the  most  southern  known  outcrop  of  the  coal-measures  in 
India ;  but  very  probably  they  extend  further  south  beneath  the  covering  barren 
members  of  the  same  Q-ondwdna  system,  which  reach  in  a  straggling  fashion  to  as 
far  as  Golapilli,  15  miles  west  of  EUore. 

The  Beddadanol  outcrop  was  first  detected  by  Mr.  Blanford  in  1871  (supra^ 
vol.  v.,  p.  24),  and  notices  of  the  field  were  subsequently  given  by  me  (tupra^ 
vols.  V.  and  vi.,  and  Memoirs,  vol.  xviii.,  p.  247).  The  detailed  record  of  the 
trial  borings  will  be  of  use  in  future  exploration ;  the  work  was  executed  by 
Mr.  Vanstavem. 

From  T.  Vanstavbrn,  "Esq.,  Executive  Engineer,  Public  Works  Deparhnent,  to  Majob  J. 
BBA.TTY,  R.E.,  District  Engineer,  Godavery  Diitrict, — dated  Dowlaishweram.  16th 
June  1874,  No.  66. 

I  HA.VB  the  honour  to  submit  the  following  rpport  on  the  boring  operations  at  Bed- 
dadanol during  this  last  season : — 

The  work  was  commenced  in  the  latter  part  of  February  last.  On  arrival  at  Bedda- 
4<Cnol  a  place  was  selected  and  boring  commenced. 

BoBB-HOLB  No.  1. — Levbi^  94i  fbbt.    Sub-soil  16  febt. 
After  going  down  to  this  depth   came  to  sand  and  water.    I  tried  to  force  down  the 


I 


wm 


\ 
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piping  and  to  get  the  sand  np  with  ralve  hncket ;  hut  thb  utterly  failing  I  was,  for  the  want 
of  sand  tools,  obliged  to  abandon  this  hole  and  to  oommenoe  another. 

2nd.— SxcTiON  OF  No.  2  Bobk-holb.— Lbykl  100  B.  M. 

Sandstone « 8900 

Dark  clay 17*00 

Shale  with  ooal 11*00 

Dark  clay 1-00 

light  clay 27*11 

Blaok  olay 7>00 

Sandstone 4*00 

Dark  clay 43 

Blaok  clay .        .        .      ' .        .        .5*6 

Sandstone 6-5 

Light  day  (soft) 33*9 

Dark  clay 6*0 

Brown  day  .        .        , g*0 


TOTAJ.        .        .  22911 
water  struck  in  this  hole  at  6  feet  depth  dose  to  the  main  stream. 

This  hole  was  commenced  in  the  out-crop  of  the  bed  of  sandstone  in  the  hopes  of  it 
being  a  solid  bed  of  sandstone  overlaying  coal ;  but  after  getting  down  the  full  depth  bored, 
the  hole  began  to  give  considerable  trouble  by  caving  in  at  the  soft  clay ;  half  a  day  was 
generally  spent  clearing  out  the  ^ole  before  any  further  boring  .could  be.  gone  on  with,  and 
at  last  it  became  so  bad  that  the  hole  could  not  be  deared  out ;  it  had  to  be  abandoned, 
and  another  hole  commenced. 

3rd.— No.  3  Bobb-holb  — Lbvbl  105  fbbt. 

Water  struck  at  44  feet  deep. 

Sub-soil 1*0 

Gravel 2'5 

Sandstone 93'7 

White  clay lO'O 

Sandstone    .        . .        .        •      . .        .  39*0 

Conglomerate     - .       .        .        .        .        .        .      • .      2*0 

Sandstone 12'0 

light  clay 10*0  ^ 

Sandstone    . ^ 51' 

Dark  olay 5*6 

light  clay ;        .        .  30 

Dark  olay     . 20 

Sandstone 13*0 

Clay 30 

Sandstone 8*6 

Sandstone  with  pyrites 10*0 

Argillaceous  sandstone lO'O 

Total       .        2740 

The  10  feet  of  iron  pyrites  cost  several  days'  labour  to  cut  through. 

During  the  working  in  this  hole  some  delay  occurred,  owing  to  the  breaking  of  the  winch 
frames  which  had  to  be  repaired  before  any  more  work  could  be  done. 

This  hole  when  deep  also  commenced  to  give  trouble  by  caving  in. 

One  day  it  did  so  when  the  valve  bucket  was  down,  aud  after  four  hours'  labour  was  got 
up  with  it  and  the  rods  twisted.  Another  attempt  was  made  to  clean  out  the  hole,  but  after 
a  whole  day's  work  was  unsuccessful  and  obliged  to  abandon  it. 
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In  this  bote  no  sbaio  or  oool  wm  ttnick,  aHhougli  I  etpeotod  tihftt  the  shale  of  No.  2 
would  have  shown  itself,  for  this  reason  ehale  in  No.  S  mnst  be  of  rery  little  extent  to  the 
eastward,  is  either  a  pocket,  or  the  sandstone  beds  dip  more  than  they  show  at  the  snr&oe. 
To  the  westward  of  No.  2  no  borings  have  been  sunk  and  no  certain  idea  can  be  formed  at 
sorfaoe  of  the  extent  of  the  bed  of  shale,  bat  it  may  be  natorally  supposed  to  run  in  that 
diffsetion  aooording  to  the  dip  of  the  sandstone  and  the  shale  in  No.  2  may  represent  the 
outran« 

4lh.-^Ho.  4  BoBS-HOXfa.^IiVTKL  107. 
Water  struck  at  65  feet  depth. 

Swfa^esoU 1-6 

lightday ^    18*6 

OoDirlomerate .       •       •     0*6 

Sandstone 470 

Dark  day 80 

light  clay 2« 

Bed  blay 190 

Sandstone **0 

Dark  clay IS'T 

Sandstone 3*5 

Dark  clay 12-6 

Sandstone 6*0 

Dark  day 21-0 

Sandstone 1'6 

Dark  clay 76 

Shale  and  coal 0*8 

Dark  clay 10 

Black  day 7-0 

Darkday    .       •       . a-6 

Clay  with  mineral  charcoal &'6 

IronPyrites 80 

Hard  sandstone 4*4 

Black  day  and  shaSe 410 

Coal 4*6 

Davkday 66 

Hard  stone 0*8 

This  gave  also  continual  trouble  by  oaving  in,  and  took  daily  some  hours  to  clean  out 
be£oxe*work  oould  be  commenced. 

Coal  has  been  struck  in  this  hole ;  in  appearance  it  is  poor  and  oould  be  anything  but 

the  outrun  to  the  east.    Further  borings  would  be  required  to  find  the  extent  of  the  bed, 

and  probably  it  would  improve  as  is  generally  the  case  in  these  beds. 

By  the  depth  it  lays  at  it  has  apparently  no  oonneotion  with  No.  2. 

The  dark  and  black  olays  in  this  hole  have  all  carboniferous  matter  in  them,  apparently 

plants  or  leaves^  but  being  so  cut  up  with  the  boring  tools,  it  is  impossible  to  determine 

them. 

The  last  S  inches  in  this  hole  took  some  four  days'  boring ;  the  rock  is  very  hard,  and 
apparently  metamorphoosv  but  I  have  no  means  of  testing  it ;  a  sample  accompanies  the 
oUys. 

From  W.  Ei50,  Esq.,  Deputy  Superintendent  of  the  Geological  Survey  of  India,  to  the 
HoNOUBABLB  D.  F.  CaBKICHAil,  Acting  Chief  Secretary  to  Government,  Madras^— 
dated  Calcutta,  l2th  August  1874,  No.  21. 

6.  The  result  of  the  coal  explorations  so  far  is  that  four  seams  of  coal,  or  carbonaoeout 
shale,  have  been  struck  in  the  field;  one  of  these  in  bore-hole  No.  2,  and  three  in  No.  4. 
There  is  a  little    discrepancy    between  the   lists   of  strata  in  the  bore-holes  given  in 
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Mr.  YansUYem'B  report  and  the  Bpecimeoa  now  sent  np;  bat  practknUj  this  does  not  alter 
the  case.  There  are  foor  specunens  marked  as  coal,  while^  in  the  beve-holo  lists,  they  arv 
given  as  "  shale  with  ooal "  in  No.  2,  "  shale  and  ooal«  "  ''  clay  with  Huoaral  charcoal "  and 
•'  ooal "  in  No,  4. 

6.  The  four  specimens  of  coal  are  all  dull  and  earthy ;  that  from  the  4^  feet  seam  bein^ 
the  beet  looking,  the  others  are  more  or  less  associated  with  clay  and  shale.  NsYertheless 
the  fact  remains  that  there  are  four  seams  with  coal  in  them,  thick  and  poor  coal  in  onst- 
and  thin  and  poorer  coal  m  the  others.  It  is  possihle  that  each  of  these  seams  may  be 
greatly  better  in  qnality  and  thickness  in  other  parts  of  the  field. 

7.  On  a  prirate  application  of  Mr.  Yanstayem,  after  I  had  heard  that  the  specimens 
had  been  sent  down  to  Madras,  he  sent  me  a  sample  of  the  lower  two  feet  of  the  thick  seam, 
which  is  eridently  the  better  part  of  the  deposit.  An  assay  of  this  sample,  made  in  the  Survey 
laboratory  by  my  coUeague  Mr.  Tween,  gives  the  following  resnlt :— 


r  •   1 


Carbon '  16*4 

Volatile 30-6 

Ash 530 

1000 


»«    • 


^ 


As  a  coke 

Carbon  22*5 

Ash 77-5 


100-0 


8.  At  first  sight  the  large  percentage  of  volatile  matter  indicates  a  fiiir  gas  coal,  but 
Mr.  Tween  tells  me  that  there  must  be  from  12  to  14  per  cent,  of  moisture  included  in  the 

volatile  element.    Thus  it  is  emphatically  a  poor  coal. 

9.  The  samples  forwarded  from  Madras  are  evidently  inferior  to  that  assayed,  and  are 
not  therefore  worth  examination. 

10.  The  remaining  specimens  forwarded  are  clays,  a  piece  of  the  "sandstone  with 
pyrites,"  and  the  rock  of  the  "  last  cut "  in  No.  4  bore-hole  which,  owing  to  its  hardness, 
practically  stopped  Mr.  Vanstavem,  and  led  him  to  look  on  it  as  a  metamorphie  rock,  that 
is,  that  he  had  reached  the  floor  of  the  field.  Among  the  clays  there  is  a  very  dark  grey 
variety,  which  my  friend  Mr.  Hughes  of  the  Geological  Survey  recognises  as  similar  to  some 
of  the  fire-clays  he  has  met  with  in  the  Raniganj  coal-fields. 

11.  The  rock  of  the  '*  last  cut "  is  not  really  so  hard  as  it  appears  to  be  in  the  bore*hole 
when  examined  as  a  hand  specimen,  and  it  is  easily  pounded  down  to  a  fine  powder  of  clayey 
constitution,  without  any  appreciable  calcareous  matter  in  it.  It  is  a  rock  of  brownish- 
green  colonr,  consisting  of  minute  granules  of  darker  substance  in  a  pale  green  paste,  tha 
surface  being  roughened  with  these  g^nules ;  and  it  is  evidently  a  form  of  volcanic  rock 
approaching  perlite,  or  perhaps  an  ashbed.  In  its  mottled  appearance  it  is  not  nnlike 
"snake  stone  "  or  "  Water  of  Ayr  stone."  It  is  impossible  to  say  whether  it  is  associated 
naturally  with  the  sandstones  and  clays,  •.  0.,  as  a  boulder,  or  as  an  intercalated  bed.  This 
can  only  be  found  out  by  further  borings,  or,  as  is  advisable,  by  a  further  attempt  to  pierce 
it  in  No.  4. 

I  do  not  think  it  can  be  considered  as  a  rock  forming  the  floor  of  the  coal-field. 

*   12.  As  previously  stated  in  my  paper  on   this  field,  the  beds  are  all,  on  the  average, 

dipping  about  10^  west-south-west  except  in  the  northern  part  of  the  field,  where  they  are 

N.  W.,  thu^  having  a  strike  N.  N.  W. — S.  S.  E ,  and  then  N.  B.,  and.  therefore,  had  the 

bore-holes  been  put  down  in  lines  starting  from  the  eastern  side  of  the  field  and   going 
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westward,  we  should  ^adually  havd  got  throagk  the  whole  thickness  of  strata.  The  work 
was  not  commenced  till  very  late  in  the  season,  and  thus  I  wished,  if  possible,  to  get  at  ooal 
at  once.  With  this  intention,  and  in  the  hope  that  the  river  itself  might  hide  strata  in 
which  were  seams  of  coal,  I  instructed  Mr.  Yanstavern  to  begin  on  the  river  near  the  villa«rs. 
The  first  bore-hole  was  a  failure.  No.  2  bore«hole  was  Ihen  put  down  and  carbonaceous  shala 
was  got  in  it ;  but  it  had  to  be  stopped  owing  to  falling  in  of  cbiys  and  want  of  piping.  To 
get  lower  than  we  had  done  in  No.  2  it  was  necessary  to  look  eastward,  but  no  suitable  plao9 
showed  until  in  the  nullah  to  the  north  of  the  village,  and  this  would  be  in  strata  much 
below  those  examined  in  No.  2^  Still  an  idea  would  be  got  from  No.  3  of  the  lowest  beds  in 
this  line,  and  as  is  shown  in  the  list,  they  are  all  sandstones  of  good  thickness  with  fewer 
and  thinner  clays  than  in  the  other  bore-holes,  but  without  the  slightest  trace  of  coal. 

13.  By  these  two  bore-holes — ^in  the  line  from  No.  2  to  No.  3 — we  know  of  229  feet 
in  No.  2,  below  which  there  is  an  unexamined  thickness  of  strata  of  about  250  feet, 
when  the  beds  at  the  top  of  No.  3  bore-hole  ought  to  be  reached.  That  is,  supposing 
that  the  lie  of  the  strata  is  tolerably  uniform  over  the  field'  and  that  there  is  not  an  irre- 
gular floor. 

......  ... 

14.  On  seeing  that  No.  3  was  not  likely  to  produce  any  favourable  result,  and  that  it 
was  becoming  a  troublesome  hole,  I  suggested  that  a  convenient  spot  should  be  selected  to  the 
south  of  the  village  in  the  nullah  on  that  side,  as  I  thought  we  should  here  be  in  the  con- 
tinuation of  the  unexamined  beds  between  No.  2  and  No.  3,  and  it  is  in  these  that  the  three 
other  seams  have  been  found.  In  other  ^ords;  I  expect  that  these  seams  would  be  found  at 
very  nearly  the  additional  depth  below  the'  229  feet  of  No.  2.  This  would  of  course  be  at  an 
inconvenient  depth  for  boring,  more  especially  as  the  extent  of  the  seams  can  be  ascertained 
by  other  short  hoUs. 

15.  Bore-hole  No.  4  has  not  yet  told  all  that  may  be  made  from  it  if  the  hard  '*  ash  " 
rook  can  only  be  pierced,  for  there  are  still  some  few  feet  to  be  got  through  before  reaching 
beds  corresponding  to  those  at  the  surface  of  No.  3.  Otherwise,  another  bore-hole  should 
be  put  down  about  400  yards  back,  i,e^  eastward  and  in  the  nullah  south  of  the  village. 

16.  1  examined  the  different  streams  in  the  field  even  more  closely  than  hitherto,  and 
saw  that  the  strata  seem  to  lie  in  a  very  regular  succession  at  angles  varying  from  10^  to 
15^ ;  the  dip,  if  any  thing,  becoming  easier  to  the  westward  of  the  main  stream,  as  also  to 
the  N.  W.,  where  the  beds  are  nearly  flat  and  with  fewar  undulations,  so  that  the  thickness 
of  the  whole  field  is  much  more  than  I  at  first  concluded.  There  is  thus  more  room  for 
seams  over  the  western  half  of  the  field.  Indeed,  from  this  greater  thickness  I  am  more 
inclined  to  expect  a  greater  extension  of  the  coal-measures  under  the  Kamthi  sandstones  of 
Namiapolliam  to  the  westwiird. 

17.  With  regard  to  the  coal  in  these  measures,  that  now  known  to  exist  is  on  the  eastern 
edge  of  the  field,  and  it  is  reasonable  to  expect  that  the  seams  go  on  thickening  with  the 
strata,  or  that  there  are  more  seams. 

18.  There  is  about  the  same  area  of  coal-measures  exposed  on  the  western  side  of  the 
main  stream,  but  the  strata  here  are  all  higher  than  those  on  the  east  side.  No  borings 
have  been  put  down  in  these  upper  beds,  but  they  are  just  as  promising  in  their  charactem 
as  those  below.  Indeed,  my  colleagues  who  have  worked  in  the  other  coal-fields  of  India 
have  observed  that  seams  are  more  prevalent  in  upper  beds  of  the  Bar&kars.  The  lie  of  the 
strata  on  the  right  bank  of  the  river  is  also  somewhat  easier,  so  that  if  coal  be  found 
on  this  side  the  probability  is  that  the  trial  borings  will  not  vaiy  much  in  depth  as  they 
are  carried  out  further  west  or  north-west. 

19.  It  is,  however,  viery  premature  as  yet  to  try  and  reckon  on.  what  may  be  from  the 
few  indications  obtained  so  far ;  for  where,  as  is  evidently  the  case  here,  there  is  only  an 
outlying  patch  of  the  coal-measures,  not  an  area  left  so  much  by  denudation  m  merely  the 
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filling  in  of  a  detached  basin  by  a  formation  which  was  existent  only  in  an  attenuated 
condition,  the  occurrence  of  coal  to  a  greater  or  lesser  extent  in  each  patch  is  a  question 
attended  with  a  great  deal  of  uncertainty.  There  may  be  only  a  few  seams  as  atKamarum, 
or  many  seams  as  at  Singareny  in  the  Nizam's  Dominions ;  or  seams  hardly  any  of  which 
are  continuous  in  different  bore-holes  as  in  the  British  field  below  Dumagudium. 

20.  The  main  and  first  thing  to  be  done  now  is  to  continue  No.  4  bore-holci  or  to  sink  a 
fresh  one  to  the  eastward  of  that,  as  suggested  above,  and  then  to  work  down  the  nullah  to 
the  main  stream  ;  after  that,  the  nullah  on  the  other  side  of  the  field  higher  up  the  main 
stream,  and  coming  from  NamiapoUiam,  ought  to  be  tried.  This  latter  examination  would 
tell  if  the  poor  seam  in  No.  2  hole  is  of  any  extent.  It  would  certainly  be  premature  to  try 
any  of  the  ground  south  of  the  tributary  nullah  near  bore*hoie  No.  4  until  more  is  known 
concerning  the  saccession  of  the  seams  now  struck. 

21.  In  conclusion,  it  is  necessary,  from  my  views  of  the  relations  of  the  strata  in  this 
field,  to  remark  on  two  passages  in  the  Government  Order,  No.  1953  of  the  21st  July.  It  is 
therein  stated : — "  Bnt  the  very  slight  indication  of  shale  and  coal  found  about  30  feet  above 
the  coal  deposit  in  No.  4  may  be  analogous  to  that  of  No.  2,  with  which  it  asrrees  in  the 
strata  immediately  over  and  underlying."  My  observations  do  not  bear  out  this  analogy ; 
for  unless  unforeseen  accidents — of  which  there  is  no  indication  in  the  adjacent  nullah 
sections — ^have  interfered  with  the  normal  position  of  the  strata,  everything  seems  to  lead 
to  the  conclusion  that  the  beds  of  No.  4  are  lower  than  those  of  No.  2.  Besides,  if  the  upper 
seam  in  No.  4  be  analogous  to  that  of  No.  2,  it  is  difficult  to  account  for  the  non- 
occurrence of  the  4)  feet  seam  in  No.  2,  which  is  the  deeper  bore-hole. 

22.  There  is  then  the  farther  statement  that  "the  conclusion  arrived  at  to  bore  next 
season  to  the  south  and  west  seems  a  correct  one."  On  this  point  it  will  be  seen  from  this 
letter  that  I  do  not  advocate  such  a  procedure,  but  to  keep  for  the  present  rather  to  the 
north  and  north-west  as  soon  as  the  west  side  of  the  field  ia  taken  up.  Bat,  apart  from  this, 
I  would  respectfully  sabmit  that  a  conclusion  as  to  the  future  sites  of  bore-holes  ought  more 
properly  to  be  based  on  the  recommendation  of  the  Geologist,  as  long  as  he  is  not  absolved 
from  the  office  of  advising,  as  to  the  possible  locale  of  the  coal.  In  this,  however,  it  is 
not  for  a  moment  implied  that  there  is  any  likelihood  of  a  difference  of  opinion  between 
Mr.  Yanstavem  and  myself  on  the  mode  of  pursuing  the  work  ;  on  the  contrary,  I  have  to 
thank  him  for  having  always  so  willingly  co-operated  with  me. 


Note  on  the  supposed  occurrence  of  coal  on  the  Kistna,  by   H.   B.  Msdligott,  if.A., 

Geological  Survey  of  India, 

The  Records  of  the  Geological  Survey  of  India  would  be  incomplete  without 
some  mention  of  the  reputed  discovery  of  coal  near  Jaggayapet,  in  the  Kistna 
District  of  Madras,  that  has  so  often  within  the  last  thirty  years  been  urged  npoa 
the  notice  of  Government  by  General  Applegath.  It  has  this  year  been  brought 
forward  again  with  unabated  confidence ;  and  the  following  Note  upon  the  ques- 
tion was  drawn  up  for  the  information  of  the  Government  of  Madras.  It  affords 
a  curious  contemporary  illustration  of  science  in  excelsis, 

1.  I  have  the  honour  to  acknowledge  receipt  of  your  letter  No.  230  E.,  dated 
13th  June  1882,  forwarding  for  remark  a  letter,  dated  the  19th  May,  from 
Major-General  F.  Applegath,  on  the  subject  of  his  alleged  discoveries  of  coal  in 
the  Kistna  District.     I  bad   already  noticed   in  the  newspapers,   English  and 
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Indian,  tbe  reyiyal  of  the  Kistna  coal  question,  and  I  am  glad  of  this  opportn- 
nity  of  sabmitting  some  remarks  thereon  for  the  consideration  of  the  Right 
Hononrable  the  Governor  of  Madras. 

2.  General  Applegath  most  believe  that  the  patience  of  the  Madras  Gk>yem- 
ment  is  inexhaustible,  and  well  he  may ;  for  snrelj,  since  the  dawn  of  science, 
no  claimant  to  discovery  has  anywhere  met  with  so  much  indnlgence  as  he  has 
from  his  Indian  masters.  Time  after  time  has  he  found  &YOiir  and  encourage- 
ment, after  repeated  demonstration  by  most  competent  authority  that  his  asser- 
tions and  promises  were  baseless,  and  after  repeated  failures  on  his  part,  with 
liberal  aid  of  public  money,  skilled  labour  and  appliances,  to  verify  his  assertions. 
It  is  no  wonder  that  he  should  now  again  come  forward  in  bolder  form  than 
ever.  I  must  confess  that,  to  the  qualified  and  responsible  ministers  and 
advisers  of  Government  in  these  matters,  any  further  countenance  to  such  pre- 
tensions would  be  "heart-breaking." 

3.  I  will  presently  give  an  abstract  and  analysis  of  this  remarkable  case:  it  is 
desirable,  first,  to  clear  the  question  of  irrelevant  matter,  and  to  fix  attention  upon 
what  has  been  the  mainstay  of  so  much  discussion.  It  is  not  to  be  believed  that  the 
Government  or  the  public  would,  for  a  moment,  place  the  judgment  of  one  so 
completely  uninstructed  in  such  matters  as  General  Applegath,  that  the  rocks  of  the 
Palndd  belonged,  in  whole  or  in  part,  to  the  already  established  coal-formation  of 
the  Peninsula,  in  competition  with  that  of  the  Geological  Survey,  that  they  were 
all  of  Transition  or  Lower  Yindhyan  age,  the  two  being  as  widely  separated 
stratigraphically  as  are  the  Jurassic  and  the  Silurian  systems  of  Europe.  The 
'' fossils  "  sent  by  the  General  in  support  of  his  contention  were  not  fossils  at 
all ;  and  his  rock  specimens  scarcely  bore  any  resemblance  to  the  standards  to 
which  he  referred  them.  The  occurrence  of  coal  in  those  older  rocks 
would,  of  course,  be  an  independent  question ;  and  although  a  veiy  extensive 
survey  of  them  in  that  very  field  and  in  other  parts  of  India  had  revealed  no 
trace  of  a  coal-measure  group,  there  would  still  remain  the  possibility  of  a 
local  deposit.  The  question  is  thus  brought  within  very  definite  limits  of  &ct, 
and  it  would  never  have  taken  shape  but  for  General  Applegath's  assertion, 
that  at  a  particular  spot,  within  20  feet  of  the  surface,  he  had  once  npon  a 
time  quanied  coal  and  burned  it. 

4.  To  any  one  whose  ideas  on  the  subject  were  not  altogether  in  the  air, 
nothing  could  be  simpler  than  a  complete  verification  of  such  a  statement.  It 
is  practically  impossible  that  several  tons  of  coal  could  be  extracted  and  leave 
no  trace  to  tell  the  tale ;  yet  with  every  appliance  of  tools  and  skilled  labour, 
funds  and  time,  General  Applegath  has  never  again  been  able  to  produce  an 
ounce  of  any  substance  that  would  support  combustion.  He  has,  however,  never 
ceased  to  reiterate  his  assertion ;  and  his  confidence  has  imposed  upon  others 
no  better  informed  than  himself ;  the  strong  wish  for  the  realization  of  his 
assurance  being  on  both  sides  the  efficient  motive  of  assent.  It  is  a  striking 
instance,  and  an  instructive  caution,  upon  the  persuasive  influence  of  unflinch- 
ing testimony  in  a  credible  witness,  for  no  one  that  I  know  of  has  ever  cast  a 
suspicion  upon  General  Applegath's  truthfulness. 

6.  In  its   successive   orders  giving  sanction  and  encouragement  to  General 
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Applegath's  explorations,  ignoring  its  own  previous  adverse  decisions  upon  the 
case,  Government  did  not,  of  course,  give  reasons  for  so  doing  ;  but  we  may  safely 
take  these  to  be  the  same  as  those  that  guide  public  opinion  in  the  matter.  In 
a  Calcutta  daily  paper  of  the  28th  March  last,  a  propos  of  General  Applegath's 
recent  manifesto,  it  is  said :  **  This  case  of  coal  in  the  Kistna  District  is  pro- 
bably another  instance  in  which  practical  men  have  been  ahead  of  the  geological 
theorists. "  Nothing  but  the  diffusion  of  knowledge  can  remove  the  popular 
delusion  that  is  revealed  in  this  sentence ;  but  as  it  contains  the  only  approach 
to  direct  argument  that  I  have  seen,  it  is  of  practical  importance  to  point  out 
that  ihe  instance  referred  to  as  parallel  is  of  a  wholly.diJSerent  nature.  It  refers 
to  the  discovery  of  the  coal  measures  in  the  north  of  England  by  deep  sinking 
through  newer  over-lying  formations.  The  writer  of  the  article  impHes  that 
the  geologists  were  false  prophets  on  that  occasion,  and  no  doubt  the  pit-sinkers 
were  practical  men ;  but  in  the  Indian  case  the  facts  are  all  above  board ;  the 
rocks  at  the  surface  in  the  Palnad  are  immensely  older  than  any  known  coal- 
measures,  and  the  only  evidence  to  warrant  any  outlay  on  exploration  is  General 
Applegath's  assertion  that  he  once  quarried  coal  there  within  a  few  feet  of  the 
surface.  Surely  a  practical  n\an  would  require  the  General  to  make  good  his 
assertion  before  starting  on,  what  would  otherwise  be,  a  wild-goose  chase. 

6.  The  acts  and  arguments*  referred  to  imply  more  or  less  of  credence  in 
General  Applegath's  frequent  animadversions  upon  what  he  takes  to  be  the  care- 
lessness, the  contradictions  and  the  obstructiveness  of  the  Geological  Survey. 
I  do  not  care  to  exhibit  the  ridiculous  misunderstandings  upon  which  such 
remarks  have  been  based.  Too  much  time  has  already  been  wasted  over  this 
tiresome  business,  and  I  have  shown  that  the  whole  question  turns  upon  a  simple 
matter  of  fact.  The  supposition  that  a  body  of  professional  men  could  be  so 
infatuated  as  to  pooh-pooh  a  project  founded  on  so  circumstantial  a  basis,  which, 
if  true,  must  inevitably  be  presently  substantiated,  is  only  further  evidence  of  the 
hazy  view  taken  of  the  conditions.  Until  this  ground  had  been  visited,  the 
Survey  gave  every  encouragement  to  the  investigation.  It  has  been  said  that 
Dr.  Oldham's  visit  to  the  Palnad,  in  company  with  General  Applegath  and  others, 
was  made  in  a  perfunctory  manner.  But  this,  again,  is  unfair.  Dr.  Oldham 
went  to  see  all  that  General  Applegath  had  to  show  regarding  the  existence  of  coal, 
and  finding  no  vestige  of  real  evidence,  it  would  have  been  foolish  of  him  to  sit  by 
while  a  boring  was  made^  in  slate,  on  the  chance  of  unearthing  a  coal-seam. 
Dr.  Oldham  officially  and  publicly  (Madras  G.O.,  No.  1125  of  27th  April  1868) 
denied  the  statement  that  anything  like  "  burnt  shale"  or  "  burnt  outcrops,  *' 
or  "  a  substance  rich  enough  to  support  combustion,"  had  beon  seen.  Since 
then,  and  before  it,  General  Applegath  has  had  ample  means  and  leisure  given 
him  to  make  good  the  statement  that  he  had  once  burnt  coal  extracted  from 
the  site  in  question,  but  all  his  endeavours  have  been  in  vain. 

7.  As  it  is  not  a  ghost  story,  some  intelligible  explanation  of  the  mysteir 
must  be  forthcoming.  The  most  likely  one  was  suggested  by  Dr.  Oldham,  that 
to  please  their  master,  the  natives  had  put  some  real  coal  in  the  hole  and  pro^ 
duced  it  for  his  satisfaction.  A  hoax  of  this  kind  was  shortly  after  success* 
fully  practised  upon   Dr.    Oldham  himself,   and  all  the  officials   concerned,   in 
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the  famous  case  of  the  Midnapnr  borings.  \  In  the  Kistna  case,  however,  there 
was  hardlj  room  for  this  without  culpable  blindness  on  the  part  of  the  Tictim, 
for  the  excavation  is  said  to  have  been  a  shallow  drift,  and  accordinglj  General 
Applegath  repudiated  the  '*  insinuation,"  averring  that  he  had  himself  conduct- 
ed and  seen  the  operations,  and  repeating  his  statement  in  the  following 
emphatic  and  Qjcpanded  form  : —  *'  I  adhere  to  mj  assertion  that  I  have  actually 
quarried  and  burnt  coal  in  large  quantities  on  the  spot,  as  much  as  eight  or  ten 
tons  "—(Madras  G.  0.,  No.  606  of  7tli  March  1868.)  There  thus  remains  a  cut- 
and-diy  choice  between  a  physical  anomaly  (amounting  to  impossibility)  and  a  case 
of  mental  delusion,  such  as  is  unhappily  of  too  common  occurrence  in  history. 
In  going  through  the  documents  for  the  present,  I  hope  final  disposal  of  the 
case,  I  have  been  greatly  sti^ck  by  the  fact  that  General  Applegath's  assurance 
becomes  clearer  and  stronger  and  larger  as  the  event  recedes  in  time. 

8.  The  oldest  papers  I  have  on  the  subject  are  a  manuscript  map  and  two 
sections,  with  a  brief  list,  all  signed  "  F.  Applegath,  Lieutenant,  Assistant  Civil 
Engineer,"  and  dated  "  Camp  Moogetalah,  18th  December  1850."  The  map  is 
entitled  "  Plan  of  the  Marble  fields  near  Jaggiapetta  on  the  Kistna  and  Pallair 
Rivers,"  and,  with  the  sections,  it  is  coloured  geologically  (after  a  fashion) .  There 
are  five  pits  marked  on  the  plan,  and  the  list  annexed  is  headed  "  Description  of  the 
pits,  Ac.,  that  have  been  sunk  in  searching  for  coal."  One  of  these  pits  is  at  the 
very  place  assigned  for  the  ooal  discovery,  on  the  left  bank  of  the  Pallair,  about 
half  a  mile  above  its  confluence  with  the  EKstna.  This  pit  is  figured  on  one  of 
the  sections  to  the  full  depth  ever  said  to  have  been  attained  there,  and  the  only 
legend  is—"  shaft  20  feet  through  slate,  with  a  soft  material  below,  thickness 
unknown."  In  the  List  the  same  is  described  as— "Pit  Ko.  3,  shaft  sunk  20 
feet  through  slate,  small  but  distinct  traces  of  vegetable  deposit  at  the  lowest 
excavation,  and  a  soft,  white  deposit  at  the  bottom  of  the  shaft,  thickness  un- 
known." In  these  original  documents  the  word  "  coal"  only  appears  in  the  title 
of  the  List  as  a  desideratum ;  the  rock  in  the  pit  being  correctly  noted  as  "  slate." 
The  date  usually  assigned  by  General  Applegath  for  his  discovery  of  coal  is  1851, 
so  it  might  be  surmised  tha^  these  notes  are  anterior,  and  not  to  the  point ;  it 
seems  not  improbable,  however,  that  they  represent  the  total  result  of  his  opera, 
tions  before  going  on  leave,  when  he  reported  his  discovery  to  the  Court  of 
Directors,  and,  before  leaving,  to  the  Madras  Government ;  for  the  map  is  en- 
dorsed "  Lieutenant  Applegath's  supposed  coal  sites ;  from  Walter  Elliot,  Madras 
C  S.,  August  1851."     If  this  be  the  case,  there  would  be  no  escape  from  the 

»  An  Buropean  eonviet  was  employed  u  brace-bendman  on  a  boring  for  water  in  the  Central 
Jail  at  Midnapore.  The  place  stands  on  a  spread  of  laterite  connected  with  the  old  allnnam 
occurring  as  a  fringe  between  the  Qangetie  delta  and  the  upland  of  gneissio  rocks.  At  a  depth  of 
148  feet  coal  was  reported  to  occur  for  a  thickness  of  more  than  two  feet.  Samples  were  aent  bj 
the  Executive  Engineer  to  Calcutta  to  Dr.  Oldham,  who  pronounced  the  coal  to  be  good,  and  indi- 
cated sites  for  other  borings  to  test  the  extent  and  the  lie  of  the  supposed  seam.  In  theae,  also, 
the  coal  was  brought  up  from  appropriate  depths.  This  took  some  time ;  meanwhile  the  conyiet^ 
having  completed  his  term,  was  awarded  with  a  post  of  some  trust  in  charge  of  the  work.  As 
matters  were  coming  to  a  crisis  and  more  extensive  operations  about  to  be  taken  up  to  work  the 
coal,  the  ex-convict  took  the  occasion  of  an  advance  of  cash  to  disappear  from  the  scene  of  bis 
exploit,  and  no  trace  of  him  could  be  discovered.    The  imposition  was  then  brought  to  light. 
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judgment  that  the  quarrying  and  burning  of  coal  must  take  rank  as  'a  myth  : 
so  important  a  piece  of  evidence  would  certainly  not  have  been  left  out  in  the 
contemporaneous  account.  No  doubt  many  tons  of  the  black  slate  were  exoava- 
ted,  and  nothing  is  more  likely  than  that  some  pieces  of  it  were  put  into  a 
good  camp  fire,  after  which  ordeal  they  would  bear  a  tolerable  resemblance  to 
ash,  and  such  may  have  been  the  small  basis  of  fact  which  has  grown  so  porten. 
tously.  The  samples  of  this  stuff  deposited  at  the  Madras  Museum  would  ex- 
cusably have  been  thrown  out  as  rubbish. 

9.  The  next  evidence  tends  to  confirm  this  view.  It  consists,  again,  of  a 
coloured  map  and  sections,  with  a  report  entitled—"  Captain  F.  Applegath's  de- 
scription of  the  geological  strata  on  the  north  bank  of  the  Kistna,"  dated  Madras, 
28th  of  April  1861.  In  this  the  same  shaft,  apparently,  is  referred  to  (here 
marked  as  No.  1),  thus  : — "  An  attempt  was  made  some  years  ago  to  sink  No.  1 
shaft  for  coal  through  the  red  shale  in  the  southern  part  of  these  fields  ;  the  red 
colour  appears  to  be  superficial,  for,  at  a  depth  of  10  or  15  feet,  the  colour  changes 
from  red  to  greenish  grey,  and  blue,  and  sometimes  black.  •  •  •  • 
This  occurred  in  1851."  There  is  no  specific  mention  of  the  horizontal  drift, 
17  deep,  from  which,  in  later  accounts,  the  coal  is  said  to  have  been  obtained,  but 
I  here  find,  for  the  first  time,  a  notice  of  this  circumstance,  and  only  in  a  casual 
way,  as  a  by-gone  event,  and  as  secondary  to  what  is  considered  more  important 
observation,  thus  :•— "  The  limestones,  shales,  sandstones,  and  the  fossils  found,  all 
tend  to  confirm  and  strengthen  the  belief  that  these  rocks  of  the  Kistna  are  of  the 
age  of  the  Indian  coal-bearing  strata ;  moreover,  the  bituminous  rock  that  I  quar- 
ried and  burnt  contained  upwards  of  30  per  cent,  of  carbonaceous  matter."  The 
authority  for  this  determination  is  not  given,  but  it  at  least  fixes  a  maximum 
value  for  the  *^  coal  "  of  later  statements.  At  all  events,  in  a  concluding  sum* 
mary  of  the  case,  this  point  is  left  out  of  count,  and  the  whole  question  stated  as 
problematical — ''All  that  has  hitherto  been  done  has  been  at  private  expense,  and 
thus,  for  eleven  years,  the  suggestion  of  the  probability  or  the  reality  of  there 
being  coal  on  the  Kistna  has  been  a  source  of  anxiety  of  mind  on  one  side,  with 
incredulity  on  the  other,  and  therefore  it  is  a  question  still  to  be  decided  on  its 
own  merits ;  at  least,  I  think,  there  is  presumptive  evidence  of  the  fact  of  the 
existence  of  coal  on  the  Kistna,  for,  in  Bengal,  the  arenaceous  shale  with  fibre- 
like impressions  of  plants  is  coal-bearing,  also  blue  shale,  and  at  Nag  pore  the 
greenish-grey  shale  overlies  bituminous  shale  and  coal,  the  same  in  Bengal." 

10.  After  this,  the  enquiry  took  a  more  official  form.  In  August  1866,  Major 
Applegath  submitted  a  memorial  to  Government,  soliciting  aid  for  further  explor- 
ation, again  urging  the  identity  of  the  rocks  with  the  Indian  coal-measures,  but  the 
"  myth  '*  now  takes  distinct  shape,  thus  : — "  I  here  most  distinctly  state  that,  on  the 
occasion  of  one  of  my  visits  to  the  locality  I  have  described,  on  the  Fil&r  and  Elistna 
Bivers,  I  burnt,  in  several  large  heaps,  the  coal  I  had  quarried,  and{that  I  even  carried 
some  and  burnt  it  in  the  Sherehomedpettah  Bungalow  compound.  I  believe 
that  not  less  than  nine  or  ten  tons  were  quarried  and  burnt,  and  that  while  burn- 
ing it  gave  out  great  light  and  intense  heat,  and,  except  that  it  was  much  heavier, 
it  was  not  unlike  the  Torbane  hill  mineral."  Due  mention  is,  however,  made, 
of  failure  to  re-discover  that  combustible  rock  r-*"  Having  once  quarried  and 
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burnt  tLe  coal  on  the  Kistna,  I  am  not  discouraged  by  my  recent  failare  to  i^acli 
the  coal,  and  this  dear-bought  experience  will  prove  invaluable  in  the  next  attempt. 
t  am  confident  that  coal  exists  there,  its  extent  and  thickness  it  is  impossible  at 
present  to  estimate."     This  application  was  referred  to  Dr.  Oldham  for  opinion. 
Dr.  Oldham  deprecated  boring  until  some  fair  evidence  of  the  probability  of  coal 
being  found  should  be  established,  remarking  that  "  it  would  appear  only  reason- 
able to  expect  that   Major  Applegatili   should  be  able  to  show  where  he  had 
quarried  the  coal,  and  the  expenditure   of  very  few  rupees,   not  one-hundredth 
part  of  what  borings  would   cost,  would  in  a  few  hours  prove  the  existence  or 
non-existence  of  any  bed  of  coal."     He  offers  to  arrange  for  a  geologist  to  visit 
the  ground  in  company    with  Major  Applegaths     This  visit   took    place    in 
January  1868,  Dr.  Oldham  going  himself.     He  was  accompanied  by    Colonel 
Applegath,  Mr.  Stuart,  Assistant  Collector  of  the  district,  and  Mr.  C.  Oldham, 
who  had  been  for  some  time  engaged  upon  the  examination  of  the  same  rocks  fur- 
ther  to  the  south.    In  the  report  of  his  observations  Dr.  Oldham  remarked  :  "After 
this  careful  examination,  I  regret  to  report  that,   in   my  opinion,  there  is  no 
ground  for  any  hopes  whatever  of  coal  being  found  within  this  area.     The   rocks 
are  all  of  types  well  known,  and  covering  a  very  large  area  of  the  Cuddapah 
and  Xumool  Districts,   and  in  no  respect  that   I   could  see  do  they,  in  this 
part  of  the  country,  offer  any  feature  which  would  induce  one  to  suppose  that 
there  was  a  greater  probability  of  coal  being  found  here  than  at  a  thousand 
other  localities  within  the  very  extensive  area  over  which  similar  rocks   extend  to 
'the  south,   and  at  some  one  of  which  it  would,  I  think,  certainly  have  become 
known  did  it  exist."    As  no  more  of  the  so-called  "  coal "  or  combustible  rock 
could  be  found,  the  suggestion  is  made  that  it  may  have  originally  been  provided 
for  the  occasion.     In   General   Order   No.  590,   dated  5th    March    1863,  the 
Government  of  Madras  accepted  this  report  as  proving,   beyond  all  doubt,    the 
non-existence  of  coal  in  the  valley  of  the  Kistna. 

11.  At  this  juncture  the  episode  of  the  Midnapore  coal  adventure  occurred, 
raising  sanguine  hopes  that  coal  might  be  found  anywhere.  In  April  1870  a 
memorandum  was  forwarded  by  the  Madras  Government,  urging  further  search 
in  that  Presidency,  saying  there  seemed  no  reason  why  coal  should  not  be  found 
beneath  any  of  the  vast  tracts  of  laterite  in  Southern  India  as  well  as  at  Midna- 
pore. Dr.  Oldham  (being  then  under  the  deception  as  to  coal  at  Midnapore) 
gave  a  reasonable  answer  (June  1870),  explaining  the  different  conditions — ^how 
all  the  measures  of  the  Baniganj  coal-field  passed  eastwards  under  the  aUuvium 
of  the  Ganges  delta,  and  how  impossible  it  was  for  any  one  to  say  how  far  they 
might  or  might  not  there  spread  out  to  north  and  south  on  the  buried  slopes  o^ 
the  grneissic  upland ;  that  there  were  no  analogous  circumstances  in  the  lateritic 
regions  of  Madras,  Ac.  But  all  this  was  as  moon  shine  to  the  promoters  of  such 
a  scheme,  and  a  profound  distrust  of  geological  insight  remained ;  nor  was  faith 
restored  when  the  fiasco  of  the  coal  at  Midnapore  was  made  known,  for  had  not 
the  geologists  been  taken  in  just  as  others. 

12.  General  Applegath  was  not  slow  to  take  advantage  of  these  favourable 
conditions.  In  July  1870  he  applied  for  a  grant  of  money  and  a  detachment  of 
Sappers  and  Miners,  equipped  with  boring  and  blasting  tools  for  exploration  in  the 
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Kistna  District,     The  geological  affinities  of  the  rocks  were  not  referred  to,  the 
one  tempting  assurance  given  being  that  ha  had  once  seen  coal  quarried  and  burnt 
in  large  quantities  in  that  district.     Approval  and  sanction  were  at  once  accorded 
(G-.  0.,  No.  1024,   15th  August  1870J.     When  the  two   months  allowed  were 
nearly  expired,  an  extension  of  time  and  an  additional  grant  were  asked  for  on  the 
following  plea  :•—''*  The  Sappers  have  to  this  date  been  employed  in  opening  out  the 
rocks ;  and  as  some  of  the  pits  are  now  25  and  30  feet  deep,  I  am  enabled  to  ofEer 
an  opinion  on  the  probability  of  finding  coal  in  this  district ;  and,  after  a  very  care- 
ful comparison  of  the  Elistna  rocks  with  all  the  other  coaJ-bearing  districts  in 
India,  I  am  most  decidedly  of  opinion    that   their  representatives  are  found  in 
this  locality — I  do  not  mean  on  the  surface  of  the  ground,  but  that  they  have 
been  excavated  by  the  Sappers  in  the  present  investigation.     I  have,  therefore, 
to  express  my  firm  belief  in  the  existence    of   coal  here,  and  the  prospect  of 
obtaining  it  very  shortly  from  one  or  more  of  the  pits  now  being  made  by  the 
Sappers  and  Miners  under  my  charge."     The  request  was  at  once  granted 
(G-.  0.,  No.  42,  11th  January  1871).     The  total  results  of  the  explorations  were 
submitted  in  a  paper  headed  ^*  Conclusions,"  dated  16th  February   1871.     There 
is  no  allusion  even   to   the   non«discovery  of  anything   combustible,  or  to  the 
sanguine  hopes  so  recently  expressed  regarding  coal.     There  is  nothing  in  the 
paper  but  a  ramUing   discussion  of  a  collection  of  the  rocks,  attempting  to 
identify  them  with  the  Indian  coal-measures.     Colonel   Applegath  was   thanked 
for  his  exertions,   and  the   specimens  were  ordered  to  be  sent  to  the  Geological 
Department  for  opinion    (G.  O.,   No.   336»   15th  March  1871).     Dr.   Oldham's 
memorandum    (12th  May  1871)  on  these  specimens  gave  a  complete  demonstra- 
tion that  Colonel  Applegath  had  no  rational  idea  of  what  he  attempted   to  de- 
scribe, and  pointed  out  the  utter  waste  of  investigations  so  conducted. 

13.  In  this  interval  the  survey  of  the  great  basin  of  the  Cuddapah  and 
Kurnool  rocks,  of  which  the  Palnad  forms  the  northern  extremity,  was  com- 
pleted by  M.  M.  King  and  Poote,  as  published  in  Volume  VIII,  pt.  1,  of  the 
Memoirs  (June  1872).  There  had  been  some  discussion  as  to  whether  some 
beds  in  the  PalnM  should  be  placed  in  the  Kurnool  or  in  the  Cuddapah  series 
of  transition  rocks ;  but  no  possibility  presented  itself  of  any  belonging  to  the 
Gk>ndwana  system,  although,  pf  course,  the  Surveyors  were  fully  informed  of  the 
coal  controversy.  This  transition  basin  is  the  area  which  General  Applegath 
now  presents  as  likely  to  become  the  largest  coal-field  in  India.  From  there 
Mr.  King  went  northwards,  and  at  once  identified  the  coal-measnre  rocks  in  the 
Singareni  field,  and  found  coal  there. 

14.  Nothing  daunted,  and  absolutely  impervious  to  professional  criticism> 
General  Applegath,  in  September  1873,  submitted  to  Government  another  map 
and  description  of  the  Jaggayapet  District,  with  suggestions  for  further  borings 
for  coal,  and  remarks  on  some  diamond  strata  in  the  neighbourhood.  It  is 
simply  a  repetition  of  all  the  old  fallacies  and  assertions, — giving  names  to 
the  imaginary  fossils,  and  impossible  correlations  to  the  rocks,  with  heroic  com- 
posure, as  if  nothing  had  ever  been  said  to  the  contrary.  The  maps  and 
notes  were  ordered  to  be  printed  and  circulated ;  twelve  copies  to  be  furnished 
to   Colonel  Applegath,   with  the  best  thanks  of  Government  for  the  valuable 
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information  they  afEord  (G-.  O.,  No.  1020,  30th  September  1873).*     I  happened 
at  the  time  to  be  officiating  for  Dr.  Oldham,  and  I  was  called  upon  bj  the 
Government  of   India  for  any  remarks   I   might    have  to   offer.     My  answer 
may  not  have  been  forwarded  to  Madras.     In    March   1874  I  submitted  to 
Government  a  detailed  note  on  this  map  by  Mr.    Foote,  who  had  sarreyed 
that  ground ;  his  remarks  would  satisfy   any  one    having  some   knowledge  of 
geology.     In  April    1874   I  had  the  pleasure   of    an  interview    with   Colonel 
Applegath,  on  his  way  through   Calcutta,  prior  to  leaving  India.     He  informed 
me  there  was  a  proposal  on  foot  for  a  renewed  search  for  coal  in  the  Palnad 
by  the  Public   Works  Department;   and   as  he  expressed  himself  satisfied  in 
every   way  with   this  arrangement,  I  got  him  to  mark  on  his  own  map  the 
spots  at  which  he  most  desired  borings  to  be  made.     In  the  hope  of  putting 
an  end  to  this  tiresome  craze,  I  forwarded  these   indications  to  Government, 
recommending  that   the  borings   should  be  undertaken  when  Mr.   Vanstavem 
oould  be  spared  from  the  borings  in  the  Bedan61  coal-field  in  the  Godavari 
district.   Mr.    Yanstavem's  account  of  his    operations   was   sulnnitted  by  the 
Superintending  Engineer,   Major   Hasted,  B.E.,   in  whose  report  the   following 
remarks   occur  : — "  The  instructions  convdyed  have  been  fully  carried  out,  and 
even  more  borings  than  were  directed  have  been  made.    Mr.  Vanstavem  remarks 
that  *"  no  coal-bearing  rocks  nor  outcrops  of  coal  or  any  combustible  matter  was  met 
with,'  and  expresses  his  opinion  that  'by  the  nature  of  the  rocks  there  certainly 
cannot  be    any  coal.'     It  is  with  some  regret  that  I  am  obliged  to  express  my 
entire  concurrence  in  Mr.  Vanstavena's  views,  but  the  explorations  have  been  so 
complete,  that  I  feel  sure  if  coal  existed  at  all  in  these  places,  some  signs  of  it  must 
have  been  discovered.     The  borings  have   been  made  as  close  as  possible  to  the 
pits  dug  by  Colonel  Applegath,  and  in  every  instance  have  been   sunk  consider- 
ably below  the  bottom  of  the  pits  ;  in  addition  to  this,  Mr.  Yanstavem,  at  my 
request,  cleared  out  the  horizontal  shaft  in  which  it  was  understood  Colonel  Apple- 
gath found  something  resembling  coal  which  he  was  able  to  bum,  but  nothing  was 
met  with  except  shale.     I  am  puzzled   to  know  what  the  substance  was  which 
Colonel  Applegath  supposed  to  be  coal,  but  some  of  the  stufE  brought  up  from  the 
borings,   which  is  described  as  *  black  clay  shale  with  graphite '  and  *  dark  brown 
clay'  might,  it  appeared  to  me,  be  supposed  to  be  taken  from  the  immediate  neigh- 
bourhood of  coal.     My  own  opinion  is  of  little  value,  but  I  am   anxious  to  state 
that  I  watched  the  operations  with  much  interest,  and  was  rather  predisposed 
to  think  Colonel  Applegath's  views  were  correct.     I  believe  I  may  say  that,  up  to 
a  certain  point,  Mr.  Vanstavem  seemed  to    agree   with  me;   but  after  several 
borings  had  been  made,  and  the  country  round  explored,  he  informed  me  that  he 
had  little  op  no  hope  of  finding  coal."     On  this  report,  His  Excellency  the  Gover- 
nor in  Council  declared  himself  to  be  quite  satisfied  as  to  the  completeness  of  the 
investigation  carried  out  for  the  exploration  of    Colonel  Applegath's  supposed 
ooal-field  on  the  Kistna  (Madras  G.  0.,  No.  761,  18th  March  1875). 

15.  Not  so,  however.  General  Applegath ;  as,  indeed,  might  have  been  expect- 
ed from  the  obduracy  he  had  formerly  exhibited  in  the  farce  of  previous  ample 
refutations  by  himself  and  others.     In  the  letter  under  reply  and  the  annexed 

*  See  supra.  Vol.  VII,  p.  8. 
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statements  made  before  the  Society  of  Arts>'  as  well  as  in  the  newspapers, 
General  Applegath  protests  a^inst  the  insufficiency  of  this  examination,   and 
declares  his  position  as  a  discovOTBT  of  coal  in  Madras  to  be  unshaken.     His 
words  imply  that  these  trials  were  made  by  the  Survey  Dapartmsnt,  but  that  is 
an  error;  no  Survey  Officer  went  near  them ;  they  were  made  by  officers  of  the 
Public  Works  Department,    «vho  declare  their  initial  persuasion  to  have  been 
favourable  to  his  view.    As  ah»ady  stated,  I  do  not  notice   Qeueral  Applegath's 
frequent  and  now  recurring  misreppesentotions  of  quotations  from  the  reports  of 
the  Survey,  as  they  evidently  proceed  from  his  complete  ignoarance  of  the  subject ; 
but  it  would  be  impossible  to  make  a  like  excuse  for  his  misrepresentation  of  the 
simple  facts  of  these  trials.     In  a  letter  to  the  Madras  Mail  he  says :    "  I  was  in 
England  at  the  time  these  borings  were  made,  and  so  I  could  not  have  ^elected 
the  sites. "     This  is  something  more  than  a  miggestio  falsi ;  the  indication  of  sites 
for  borings  by  marks  on  the  map  of   ground  well  known  to  the  marker  is  a  com- 
pletely recognised  act  of  professional  responsibility.     He  objects  that  at  one   of 
his  localities  three  borings  were  made,  only  to  depths  of  7,  8,  and  23  feet;  but 
he  omits  to  mention  that  all  three  came  upon  metamorphic  rook.     He  objects 
that  all  the   places  he  had  recommended   were  not  explored  :  this  would  indeed 
have  been  a  trial  of  patience,  and  a  culpable  waste  of  time   after  the  principal 
places,  those  selected  by  himself,  had  proved  complete  failures ;   one  of  these 
indeed  should  have   sufficed,  the  one  where  coal  was   said  to  have  been    once 
extracted.     Four  borings   were  made  at  this  spot,   all   deeper  than  any  of   the 
original  pits ;  but  what  is   most  important,  the  actual  drift    from  which   the 
supposed  coal  was  obtained  was  opened  out  and  explored,  but  no   vestige   of 
combustible    matter  was    found.      The    9-eneral   o£Edrs    no  remark   upon  this 
collapse.    I  have  no  doubt  whatever  that  a  jury  of  practical  men  would  give   an 
unanimous  verdict  of  '  proven'  against  General '  Applegath's  coal  in  the  Paln&d. 

16.  One  very  interesting  observation  in  General  Applegath's  remarks  to  the 
Society  of  Arts  remains  to  be  noticed,  as  it  throws  much  light  upon  the  mystery 
that  attaches  to  this  romance  of  coal  on  the  Kistna.  I  pointed  out  at  the  begin- 
ning that  the  General's  cheval  de  hataHU  throughout  the  whole  contention  has 
been  his  assertion  that,  once  upon  a  time,  he  had  quarried  and  burned  coal  on  the 
spot  where  now  it  has  been  shown  no  coal  exists.  But  for  this  unmistakable 
evidence  he  would  never  have  been  listened  to ;  in  fact,  he  did  not  obtain  a 
practical  hearing  until  he  mounted  this  charger  in  full  panoply.  In  the  original 
contemporary  documents  ( 1850)  there  is  no  mention  of  this  discovery ;  in  the  un- 
official report  of  ten  years  later,  it  is  casually  quoted  as  a  combustible  rock  having 
30  per  cent,  of  carbonaceous  matter ;  but  in-  the  official  memorial  of  1866  it  has 
become  coal  giving  out  great  light  and  intense  heat.  This  is  the  familiar  process 
of  genesis  of  the  myth ;  and  such  I  take  General  Applegath's  coal  to  be.  In 
paragraph  7  of  his  "  Record  of  the  Eostna  Goal"  (from  the  Journal  of  the  Society 
of  Arts)  there  is  another  very  neat  and  instructive  example  of  the  same  kind  of 
performance ;  the  old  steed  having  broken  down,  a  fresh  one  is  trotted  out 
from   the  depdt  of  memory.     Of  the   black  clay  from  Mr.  Vanstavern's  boriyjg 

'  April  28tli,  1382.  on  the  occasion  of  Profeasor  V.  Bait's  loctare    on  the  Mineral  Rosoarccs 
of  India. 
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No.  6,  it  is  remarked :     ''  I  believe  that  this  black  stuff  is  coal  that  lias  been  pattian/ 
bumty  as  it  has  the  appearanoe  of  coke,  or  burnt  coal,  and,  onder  a  magnifying' 
glass,  it  presents  ererj  appearance  of  coke,  or  burnt  coai,  and^  when  ignited,  hurms 
like  a  coke  fire.    It  may  eren  be  a  natnial  bed  of  coke."     The  italics  are  mine' 
1  am  not  aware  that  an  j  of  this  clay  was  sent  to  General  Applegath,  but  that  would 
not  signify ;  it  is  assumed  to  be  the  same  as  some  black  stuff  he  had  once   thrown 
into  a  fire  and  beheld  to  become  red  hot.     The  General  eTidentlj  "walks  bj 
faith :  "  in  a  letter  to  the  Overland  Mail,  refuting  the  conclusive  evidence  of 
Mr.   Yanstavem's  borings,     he  remarks :   "  Quite  on   the  contrary,  the  very 
important  question  of  coal  or  no  coal  near  Juggyapettah  may  (D.  V.),  I  believe 
will,  be   definitely  settled  in  the  a£Srmative,  if  a  little  trouble  can  now  be  taken 
by  the  authorities  in  Madras."     It  would  be  sacrilegious  to  gainsay  this  final 
appeal  to  Providence,  but  I  think  the  game  is  played  out.  ^ 
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